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CHAPTER I 
INTRODUCTION 


Thc FPI I-A FIoating-Poin! Processor ts a hardware opuon lhat enable* the PDP-11 WA central 

eftccutcflMti^ ^ all;;; iloatif^^poin t 

Mfi ic VI af^lfloNl t i tyformifls ^: f 7 1 oa t i «ts*poin t 

reprticfiuiion pcnniu afrcaier raitgeof number v«hi« than i$ posiiblc uith the convcntional integer 

a sjpiOCMitcr alternative to the use of software floating-point 
routines, and W&M- »rith«neiic coding rouiim» that coniumc 

double-prcctsion < 32- or 64-bit| capability 

• ** « • * _ • • ■ •••••■•*•_* • / (• • «•*«•* <•*•<*•** tt** »*#*•#•• • . * 1 ** ** *•* i ■ * *• ■ • • ** • •••• • t • »• • 

J • « • , , • . . * 9 f « • f * | ( W •• / ••• J* **•*•*( t*l**t* •»•••• •* **• *•# * | • J '(•(**!* (* I*. • •» . *# * _ (• * % . | | * * 

The FPII-A it aii intcgral part of ihcccntral i^occaior lt operates utinftimiUr address modes, and 
the same memor> management facilities as the central processor Floating-point processor instructions 

br^««iy ; loc»tio«t 

Tht followtiig paragraplis summarue the features of the PDP II UA noatmg-point instruction set 

• y.S?x.rVr=S c : y^C yV;t>;-• V v. 

1 || u a v«| •_•••• • a • •%■■■•• a •• • ' • ^ « % » • • \ " • | •• **■ •*•!**** *1 *•*•••' | 1 / ' *• | * - *»* **»••** * • t* i • * * 

1JLI Fleetk^-Peim faMiructlen Sh Femum 

• 32*bit (sin^CimBdskHi) and 644iit (double-precision) data modes . 

» / • • • • 0 !*«•** ** ••• •• • • • * * * a a ( Ilf** | 1 • *"«• a • * **»»•»•** ® • * *»*•*•** ’ | # • * aa *•*•* • I #a -#• * • • • 

• ft<Mra*tt| m ^>th existing PDF-11 addressing modes 

• *• , # * * *• • • /a » • • • | ( ( • • a #• ** a * * ' •*, ******* 1 **/*»*»»**•*••**• ** * *•• t* »* ***** t •* * * 

• * a , • •• * # a • •••• \ * » * * ** • ••• • •• • * • • a * , «*^ - *« •* * * •**( * • ** * * • • • I* * • •• •••••• ( I t < |% a • •• •• • 

• • ••• •*. a^. a * »•••*••* | » * * « • a *4 • * a , *• a */*•** • **• * a it ,* • l* * ' • * * ••• • 

*** * • • • • • *•«** * • * •* |* •*•***•*■»• *•••*.*•• ••****• | a • a** ,* • , i • •• • • i • • ^ • .a 

• Special instructions that can improve input output routines and mathematical subroutines. 

• Allows execution ydf in-line code (i e.. ftoanng-poim i.istructions and other instructions can 

• Multiple accumulators for ease of data handling 

• * * * •" * * • • *• %• , • a * a ' • *••* *•* • • ( a ' • • % • ® 

• C an con vert 3 2- or 64*bit floating-point numbers to 16- or 32-bit integers during the Store class 
of instructions y 

» • • * , % • a a "* a . * *••*#**•*«• ** * • * 

• Can convert 32-bit floating-point numbers to 64-bit floating-point numbers and vice-versa 
during the Load or Store class of instructions. 



1*2.2 FPI I-A Features 

• Performs medium-speed, floating-point operations on single- and double-precision data 

• Has 17 (decimal) digit accuracy 

• Contains its own microprogrammed control store 

• Contains six 64-bit floating-point accumulators 

• Contains error recovery aids 

U ARCHITECTURE 

The FPI1-A contains scratchpad registers, a floating exception address pointer (PEA), status and 
error registers, and six general-purpose accumulators (ACO-ACS). 

Each accumulator is interpreted to be 32 or 64 bits long depending on the instruction and the status of 
the floating-point prooemr. Fdr 32?bft instructions, only the fcn-mb^ 
bits arc unaffected. 

The six general-purpose accumulators arc used in numeric calculations and interaccumulator data 
transfers. The first four registers (ACO-AC3) are also used for all data transfers bet ween the FPI 1-A 

1.4 •' ■ 

The: I P 11 - A consists of a single hex board (M8267 for the PDP-11 /34A (KD11-EA)J and modifica- 
tions to the M7265 and M7266 boards used in the PDP-11 /34 central processor (The modified boards 
are designated M8263 and M8266. and the modified processor is designated as the KD! I-EA). Figure 
I • I;. shows the basic signal paths betweeo the central processor and the FPI I-A. The bidirectional data 
.* tranafbex .■ instruciti)ttiiii) anjijjl ^ 

FA accommodates 

* • . ' . • #'•! •' •-••• * , ••• . 1 • * , ' i # *•**••«*• • **• • . , . • • 


1.5 RELATED IKK I MENTATION 

The following documents supplement this manual on the FPI I-A Floating-Point Processor 

Manual Document Number 


BAII-K Mounting Box Manual 
BA 11-LMoun ting Box Manual 
DM l-W Maintenance Manual 
K D11 - F Processor Manual (PDP-11 34) 

M930I Bootstrap Terminalor Maintenance Manual 

MMl! -C CP Core Memory Manual 

*41*1 I-D DP CoreMemory Manual 

MSI I-F-l MOS Memory Maintenance Manual 

pDfel 1 Per iph er a lsHandboolt 

PDP-11/04,34.45.55Processors Handbook 

PDP-1 l/34Procetsor Handbook v 

KD 11-EA Processor Manual (PDP-11 /34A) 


EK-BAI1K-MM 
EK-BAIIL-MM 
EK-DLIIW-MM 
EK-KDIIE-TM 
EK-M930I-MM 
EK-MMIIB-TM 
EK-MMIID-TM 
EK-MS1IE-MM 
EP-PDPI l-HB 
EP-PDPI1/04-HB 
EP-11034-HB 
EK-KDIEA-MM 
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Figure l-l KDII-EA/I-PI l-A Signal Interface 
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CHAPTER 2 




2.1 I^IITOIRCtp 

^Tti If ^ sortie-fun <1 ^ nieti 101$ of float mg - pi »mt ar it hmct tc. It prov ides useful hack * 

ground for more advanced topics in later chapters. The reader already familiar wiih noating<point 

All data within a computer »y«cm can be represented .n mteger torn. The number* that can be 

from Otxmmh, to I7777 ? h (or from 0|o to r»5.53f»iol- 

A number fteewcen I and 2 ffor em* 
ample) could not he represented Thus, integer representation imposes an accuracy limitation. Further- 

reprersented. This imposes a range limitation. 

• •. -v’’ : v.- •*?.■* • V-V >S/. ‘'\ W v. .-V t ..>V:• \f. • v.. c•> ...;! : o : i ' ; .'-V.' • % 

oi the tint 


never an\ digits to the right of an integer's radtt point For this reason an integer is sometimes called a 

' ;.v " s :: ? ^ ■ 

my .*•*/•* ••••*•••* • V ••*.** r * :* • A *•“; % *2 * •••*•*"• • * . •* .*• • . * * * ,• • • , • . • • * * • 

'/•••' •./« •*-. • • }*•/•• . :•••••.*. • • 1 . • , . s • 

• a * * # • • ##« »• • ... •"« •• ■ * • . • t •( r. • ( » •***•• ' ••• | •••*•*•■*"*••* i"" • • 

the raingre and accurac\' l«milalion% impo^cet 

Aiiolatifdin.' 

••/ • • ••»-*•• a •. » , 'i' / i** •#••*«”•••••_«««*• >•«# * * • * * * • • h • *»** •** * * • ^ | i • • • • •• • • r • • • » • * * * i 

2J fXOAT1NC.POINT Nt MKRS 

position restrictions imposed on their radia pomts. A 
noaling-point number is represented hy somc basic value multiplied by the rad.* raised to some power 


value 




Exponent 




- V *-• . r- 


There are many ways to represent the same number in scientific notation, as shown m the example 
below 


512 


*51200 x l(h' 

* 5120, X 10* 

* 512 X 100 

* 51,2 X 10* 

* 5.12 X IQ 2 

* 512X 10* 


The con ivention chosen for representing floating-point numbers wit h teHrntiisin in the f^l^l 1 
requires the radix point to always be to the left of the most significant digmn the basic value ic g , .512 
x 10* in the above example). This modified basic value is called 


More examples of scientific notation are shown below. 


Decimal 

Decimal 

Octal 

• ntmmn ■ 

. DWIfj >• 

No. 

Scienl. No. 

Sclent. No. 

Sritm. No. ' 

64 

0.64 X 102 ■ 

' ^Oir';*i»? ■'. ■ ■ 


B 

0.33 XIO* 

0.41 X K- 


1/2 

0.5 X KP :■■ 

•|***«*®l • 1 % • .» * 



1/16 

0.625 X 10-' , 




■^Sotc-.chat in each;bCvtiig^aMm 

radix'point, is always:(by conventionVto thc left oftl^m^ 
point!: tin a n 

causes the exponent to be incremented by 1. Similarly, establishing the radix point in a number whose 

'basic;vulue^^iiio'lilp!^ 

allleading Os 


To summarise, the value of the number remains 
shift of the basic value and decremented 
ftactionsin theKDII-EA tsonein 
us«d tss obtain thi» riq|n|iNmi^ is called 
graph 2 : M : V '■'■■■■" ■ ‘' ■■ vvi : J'f' ^ z '-}£^t5&x$:i A 


2ig$0#i 

I n digital computers, the number of bits in a fraction is limited. Retention of nonsignificant leadtng Os 
decreases accuracy by taking places that 

called normahration is used in the FPII-A ThenormaliwitionprocesNConsisutestingthefraction for 
lcjdingO\andlcft-shiftingituntihtisinthcformO I ... Tt^exponentisaccordinglydecremcntcdb> 

the number of left shifts of the fraction. This 

with the original number Since digits to the nghl of the binarypointare weigh ted with inverse powers 

./cd fraction is 0 1111 i Hgure 2-1 shows an unnormalized fraction that must be left-shifted six 

placcMo be normah/edThe exponent is decremented b\ sixtomaintaincquivalencc withtheoriginal 

^umtscir; : !ri "v® -r^ H :V -• ; •"v-:X 


■ -> ■•■•• • ■••• ••■ 




!. •.....• • 
•••••... •: 




2-2 


;• ••/•: •■.=74 

...-.■ ••■; • 


...... ••- ••• 


• .*•**••. \ 
:* * .• s : . . *. 


,v : ^; 




. •. c *•*/. * 


*. . .a . > 


.. ts. 


- •* * _ / . 


> ; *r 


-!*. % *s 
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-Vi ££> ■s*- 
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EXPONENT 


FRACTION 


UNN0RMALI2ED 


00 


100 OH 


0. 000 000 tit 


lit 


001 


NORMAL i ZED 


00 Oil 


101 


til 


til 001 000 000 


OECREASE EXPONENT BY SIX 


LEFT SHIFT FRACTION SIX PLACES 


WA 0205 


Figure 2*1 Normalization 


1 » 


IcmA - Represent the number 75| 0 as a binary normalized floating-point number. 

I v Integer conversion 

75| 0 • 1008011: 

2. Convert to floating-point form 

^".- • • ^i x 2 ? 
i:;- ■ 1 

• *« » • * •• *. • • * * / • • ' **' i • ' i i *•* • 

I^ B - feM0ent the number 0.25m as a binary normalized floating-point number. 


PV-S. 






or subtraction, the exponents of the two floating-point 
hey are not aligned, the Action wfith.the smaller 
to the right is accompanied bx an incrementation of 
|||j||g|^cd;expon€pt^l|ifi^l|j|i^it|are aligned or equal, the fractions can then be added or 
=S5|if|||i^S|i^|^jpjmipS|^jW!i^icaie|:Tifit3»ttmher of places the binary point is to be moved to 
obtain the integer representation of the number. 





' 


In the example below, the number 7 ,o is added to the number 40,0 using floating-point representation. 
Note that the exponent* are first aligned and then the fractions are added: the exponent value dictates 
the final location of the binary point*. 


+0 loi ooo (wo (wo ooo x m 50 h » 4 o i0 


40 III 000 000 000 000 X 2* « 7* « 7,o 


I. To align exponents, shift the fraction with one smaller exponent three places to the right and 
increment the exponent by 3. and then add the two fractions. 


• :/A 




+0.101 000 000 000 000 X *- 
+0.000 III 000 000 000 X 2ft 


7* 


4<ho 

7 io 


+0.101 III 000000000 X 2* - 57* - 47„, 


To find the integer value of the answer, move the binary point mi place, to the right 


m- 

V « . 'V* 


0 101 III 000000000 
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•• " a\" Vf 
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* %;/ fVvVr 
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v.v: 


There is no requirement to align the bmars point in floattni-point multiplicatioii or divisum 


Vd-V'i 


4 •• 1 V «\ 


^SV/'lVs 




i'.l&fe}'. 
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tex --;:;* 1 

MW* 

tefi-i: 


:iS?MMttiply : ;Tio\by,^ib 


SWww 
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XO.IOIOOOO X 2ft 


7g- 

5flh 


7|0 

40,o 




•l /. 


s.X. 


Hi? 


S3- 




sa® 

0000 

i tim 




f m • /*•*..* V • . 


. , f .. .. : • 
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Move the binary point nine places to the right 


•v, 


r: -'-VV; T --v :V-/: : 


• v ; - ! ■>■* ;■ : X>. /'w' : 

vv;i : V: J ::r. 
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Example: 

Divide I5„i bv 5,o 


1 nnwio x * 

1010000 x :* 


1.0100001 1111000 * 



1111000 0000(10 
1010000 


Exponent: 4 ? I * I 


Result: I 100000 x 


Normalized Result 1100000 X 2 


Normalized Fraction Normalized Exponent 




• “ “ 

/.* • * mm 
/%. ■S .. 

• • • • * 

*. • • ^ • • • • . * * 

• * •• • • mmm* 

18 

. . ••-••••-..• , • . ... . . 

. • • •*. * . .* . # . 
V. W.*: :-.v. 

• • ••> * • 

• ' •*.* 
^ • **• 
*/ *.* •' 

m • ^ *• * ^ • • 3 

/ .••*"3 . •* 

• %..** . . •• • • 
ij ' ^ s v-» “ *.: 

- .* * * ... */ . 

f '■ **. i- - * v/»v 

, . . 

r /* • .. 

w® • . * • .N * 














































A 







CHAPTER 3 
DATA FORMATS 


m mnoDvcmn 

The FPII-A rcquim iU input d*U (opcrand%> to be formatted Formatting allots the FPU-A to 
process operands in a meaningful way and produce correct mutts There are four different formats for 

(II. tonfr-mtegcr format (l.l. «in^ie-prcci«ton for- 

* • * • _ j ^ - . • • •• • * *• *• • * _ ' / _* “ •• •• t • ' t < ^ "_#* '* m ■***•" ^ • ' ' 

output data is in the form of: 

ijs FPI l*A siMus and FPI t-A exception information required b> the CPU 

• 2. Etaita wHm^i must be in I. L. F. or D formal 

assumed that the reader is ^miliar with:-2*ft 

Mnplivtcotnotation, 




• . •• 






••••. • •• 
&; 


Pp||Sj§^^ 

There are two integer formats, short (I) and long (L) The short-integer format is 16 bits long and the 
long-integer format is J2 bits long. Data words (operands) in integer format arc represented in 2’s 
complement notation. In both I and L formats, the most significant bit of the data word is the sign bn. 

Figure : 3^t : ;i)iiNft4hiiii^ 
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in arc 6Tranged (nmemon intt^en tent %o memory 

must be in one of these formats Integers received by the FPII-A are arranged and manipulated 

load 




• 'V 


J .f 


Thercarctwo fkmttng-potntfort^ (D). The singlc-preci- 

skm format* 32 biu longandUtedo^^ is 64 bits long,. Figure 3-2 shows that the 

i|i|^ number beiv^i reprewnted>. The 

ni@|^ipWlpp|I^^^P^|Jp||itii!^|i|l|ii®i:20finowtion(Pwagraph3J,l.2)»Thc 
remaining bits (23 for single-precision, 55 for double-precision I contain the fraction. The fraction and 


- i v 
•• ;• 




• • 'j 

:•••••••■ .iM 


. . /.*V 


3-1 


■ • 


* * • . 


' ■- 






• - - *• •*: 


*.• <y * . 








y •- . -> .V -s j 


•**«••**• : %• •«•*'•*• *- /, .* • *• *••* s* v :%ir * * 


V.*:* V • 








f .'.-•A-' 


• V: : V.\ !>V.~•s*j’ j' '/•'VCr- 

.=»v> *: z : - *?•'*• - 

-■ ='** /•’ VV.-A-' •— / " “ 


:■ ;A- -i iV. ~ •> 


* V - * ■-* **/* -V - i"/ "" > - - .V*' 



























INTEGER * 5 


WORD 1 


SHORT INTEGER «) 


WORD 2 


WORD 1 


LONG INTEGER CD 


INTEGER 


WORD 1 


SHORT INTEGER (I) 


LONG INTEGER (LI !» 


Formats 









































i;l S’: 

> .*■; 



MEMORY 
WORD 1 



31 30 


23 22 


16 


SINGLE * PRECISION 
FLOATING-POINT (F) 

FORMAT 


~ *.**"''• "■ -o- 

15 


MEMORY 

WORD 2 



EXP 




MEMORY 

W0R01 



FRACTION 

. MEMORY . . MEMORY . MEMORY 

tSWORO *r# . ^ff-iipRO' 3*| #WORD 


OOUBLE* PRECISION 

floating^PO iNTioy 


> t« * . . 

63 62 


S3 64 


48 


47 


32 


31 


16 


15 


EXP 


■yy-'.- 1 



FRACTION 


■Siii 

Rraenwi # 

X~ ’ : % r ' 


»UtiOAlr«Nftop«ea«r»pl«3 3 12) 
•iQowitffliMMnitiid* 


*• * \***** * 


* A 0200 


.-v •: 




' f. 






.■•••• /*• % 




v 

! *• * . 


V*. .** 




• V\ *• .. V-V. •» • .•• •• *. .v-. /?.. 




h - •.. •; •v..v V " • ^ 

*•••,• • %• • v. • *,j ••••• • • / v • , • • ,;•*» 

v;•:; •/:•** % *** *\ ..: •:*.*• •.: 1 .•*. • *.: .> •• -•. : •- 

i & i A t i i i i 0 & ft ft & \ i I ft & i 


‘SiLK-CfA* 


... /.*.*•. - *;*• • 

.. • , ».».•• •»» • \« • • . • 


: V v\:‘• V:*- •.* n - ’ li. :S ■ 


•;:i:. Vv-’i *'•’:V.* 


Si^^VV/vV 


:.. .*! : • 




: • ... •'*.*.*. » * 










••• ••. i. • 

• si. • • >■ 


v :v.V- '<• : v =■ 




\ . * •••••*« 


/ v. 




•••,■ •••••••. •• 


•• 


* .* ••• 


. . .*.*/ .V.. 










--r --• 

. * - r ^ : X - . ^ 


- . 


Figure 3-2 Floating-Point Data Formats 
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f igure 3-5. The FFI l-A, however, normalizes all unnormalized fractions That is. the fractions arc 
point (bit 62). Thus, normalized fractions range in magnitude from 0 1000 to 0 11 II or from I 2 to 

The fraction overflow bit (bit 63) is set during certain arithroetic operations. For example. during 
addition, certain sums will produce an overflow such as 0.1000 + 0 100 . . . which yields 1 .000 — 

This result must be normaliwd. so the FPII-A right-shifts the fraction one place and increases the 
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Bit 62 is called the hidden bitRecall that sincefractions are normalized byt he FPI l-A. the bit 
immediately to the right of the binary point (bit 62) is alwayfa l . Tbii bit is dropped when a fraction is 
sent to memory and appended when a fraction is received from memory. This proctdureallowsone 


3X I FPI l-A floating-point Data Word 

Figure 3-3 illustrates the formats in which floating-point numbers are arranged in memory. Floating¬ 
point numbers sent to memory must be in one of these formats. Floating-point numbers received by 
the FPI l-A are arranged as illustrated in Figure 3-4. 

The sign bit. exponent bits, and fraction bits in theFPI l-A data word have the same values as the data 
word in memory. Note, however. that the FPl i-A data word has more bits than its counterpart in 
memory . This is because the FPI t-A has provisions for generating an overflow bit and a “hidden * bit 


For purposes of discussion, the FPI l-A data word can be thought of as being divided into two major 
parts; 

• ••**..% . • •• • 

-; I. A fraction. with its associated sign bit. hidden bit. and overflow bit. 


2. An exponent. 

, « . * • • 

it . % * . ... 

3J.I.I Floating-Point Fraction - The fraction is expressed in sign and magnitude notation. The fol¬ 
lowing simple example illustrates the idea behind sign and magnitude notation: 
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Figure 3-4 Interpretation of Floating-Point Numbers 
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Figure 3*5 Unnormalt/cd Floating-Point Fraction 
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exponents in excess 200 notation 


2*s Complement 


? Excess 200 


177 Most positive exponent 


377 Most positive exponent 


Positive 

Exponents 


Posit jve 
Exponents 


0 l.east positive exponent 


exponent 


377 I.east negative exponent 


177 Least negative exponent 


Negative 

Exponents 


Negatiyeg; 

Exponents 


00 Most negative exponent 


0 Most negative exponent 




Note that an :cKg|6iMt|tin excess 200 notation is obtained by simply adding 200 to the exp 
complement notation. Thus. 8-bit exponents in excess 200 notation range from 0 to 377 (o 
to 4-1771. A number with an exponent of -200 is treated by the FPII-A as 0. 

For example, the number O.li is actually 0.1 x 2°. and the exponent is represented as 
because 200s represents an exponent of mo. Figure 3-5 illustrates the range of floating-po 
that can be handled by the FPI I-A. For simplicity, a fraction length of only three bits ii 
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3.4 FPI l-A PROGRAM STATUS REGISTER 

The FPI l-A contains a resident program status register that contains the floating-point condition 
codes (earn, overflow, zero, and negative) that can be copied into the central processor. In other 
words. FN. FZ, FV, and FC can be copied into the CPU's N, Z. V, and C condition codes, respec¬ 
tively, The program status register also contains 3 mode bits and additional bits to enable various 
interrupt conditions. Figure 3-6 shows the layout of the program status register. Fach bit show n in the 
figure is described in Table 3*1. 

NOTE 

The FPI l-A Ims no UnUras addresses. All FPI I-A 
registers art accessed by floating-point instructions 
only. 





Name 


Table .VI FPIl-A Status Register (C osti 
Function 


10 


FIU 


Floating Interrupt on Underflow « When this bit is set. an underflow 
condition causes a floating underflow interrupt. The result of the oper¬ 
ation causing the interrupt is correct escept for the exponent, which is 
off by 400* If the FIU is not set and underflow occurs, the result is set 
to zero 


FTV 


FIG 


FD 


FL 


FT 


Floating Interrupt on Overflow - When this bit is set, floating overflow 
causes an interrupt. The result 'of the operation causing the interrupt is 
correct except for the exponent, which is off by 400*. If the FIV bit is 
not iet, the result of the operation is the same: the only difference is that 
the interrupt does not occur; 

Floating Interrupt on Integer Conversion Error - When this bit is set 
and the store convert floattitg-to-intcgcr instruction causes FC to be set 
(indicating a conversion error), an interrupt occurs When a conversion 
occuiv tN geg** 1 ** ** and the source register is un¬ 

touched. WhenHCisrcset.t he result of the operation is the same; 
hoy*^^ interrupt occurs. 

Double-Precision Mode Bit - This bit. when set, specifics double-preci- 
)sion format and. when reset, specifies single-precision format.;. 

Long-Precision Integer Mode Bu - This bit is employed during con* 
version between integer and floating-point format. If set, double-preci¬ 
sion 2Y complement integer format of 32 bits is specified; if reset, 
single-precision 2*s complement integer format of If Nts ji ipMM. 

Truncate Bit^This bit. when set. causes the result of any floating-point 
operation to be truncated rather than rounded 


Not Used 


3-0 


FN, FZ, FV, 


These bits arc the four floating-point condition codes, which can be 

loiM mtheCI^** N; Z;^a^ 

is accomplished by the copy floating condition codes (CFCC) instruc¬ 
tion. To determine how each instruction affects the condition codes, 
refer to Table 4-1/.^ v; ‘ ; ‘ 


3.3 PROCESSING OF FLOATING-POINT EXCEPTIONS 

Location 244 is the interrupt vector used to handle all floating-point interrupts. A total of sis possible 

^jfossibte: interrupt ’ttoe$ohs 

(FEC) interrupt exception codes represent an offset into a dispatch table, which routes 

theprogramtothe right mor handling routineThe dispatch table is a function of the soft wage: The 
F^ for:«^i exception is tyieHy ddmbed 
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Table 3-2 FPI l-A Exception (odes 



FPI l-A 


Floating Op Code Error - The FPI l-A causes an interrupt 
for an erroneous op code 

Floating Divide b> Zero - Division b> zero causes an inter¬ 
rupt if FID is not set 

Floating (or Double) Integer Conversion Error 


Floating Undefined Variable 


In addition to the FEC register 
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CHAPTER 4 
FLOATING-POINT INSTRUCTIONS 


*1 FLOATING-POINT ACCUMULATORS 

The FPI l*A contains six general-purpose accumulator! (AC0-AC5). The** accumulator! arc 64-bu 
read/writcscfatchpadmcmoricf withnon-destructive readout 

Each accumulator is interpreted at being either 32 or 64 bits long, depending on the instruction and the 
FPII-A status (Chapter 3). If an accumulator is interpreted as being 64 bits long. 64 bits of data 
occupy the entire accumulator. If an accumulator is interpreted as being 32 bits tong. 32 bits of data 
occupy only the leftmost 32 bits of an accumulator a * shown in Figure 4-1. 

Thefloating-potntaccumulatorsareuicd innumeric calc^ and interaccumulator data transfers 
ACt>-AC3 are u*ed for all data transfers between the FPI I A and the CPI or memory 


64 BIT ACCUMULATOR 


3? BIT 


ACCUMULATORS 


Figure 4-i Floating-Point Accumulators 


®|^^^^^|^^^P|^j^^^^ii!B^e*eforinauaresummari»Dd.tn.Fijp».fe4*2. 

• • / • *..* *j. •• ^ ^ j - ^2/« •••*%• .*. • . • •• *.*••« ^ * *“• -.r •-• \ *w- «* *.* • • • #• • *. • * .*« •• **••""/•••••••*• , v** ••*•*•**•••* • • • * *••• • •• , * • * ••• 

■/. * V ** • ^ . — J* m *J»* “ .. * . • • • « - . * • * • • • *• * V * • f • * *•.. S • • / . *• ' ' • * . ' / • • •••»•• ••• # ••• • # " * * , • • * , • 

The 2-bit AC field (biU 6 and 7) aliows selection of scratchpad accumulators 0 through 3 only. 
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FZ biu 2-0. are .used; 

aRtell op code error (^c|ption cotk 2). 
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Figure 4-2 Instruction Formats 
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Accumulator - A 2-bitfield 
scratchpad accumulators 0- 3 


in foiimais FlMdiFI to 


ADDFFSRC.AC 

ADDFSRCAC 

CLRD FDST Sill 
CMPFFSRC AC 
CMPDFSRCAC 

CFCC WiWISwti, 
biviraRc.Ac 
bivbiiiRfc,^Mc:l 
liliiiliiiiii# 

LDD FSRC. AC 
LDCFD FSRC. AC 
FDCDF FSRC. AC 

*• \ ‘.y . !•//•.. /,*« *. v •* ••<• ^ f v! i'-.*• >• * _y'-s '/•*• • • • * •.*• ••>* */.%•• / •; .' *. 

LDeiFSRC,AC§ 

mummm 

ldclesrcjaci 

LDCtDSRC;ACl 


ABSOLUTE 


CLEAR 


COMPARE 


DIVIDE 


LOAD 


LOAD CONVERT 


LOAD CON VERT INTEGER 


The fields of the various instruction formats (as summarized tn Table 4-M are interpreted as follows 


Mnemonic 

CX 


FOC 


SRC 

DST 


FSRC 


FDST 


Description 

Operation Code - All floating-point instructions are designated by a 4-bit op 
code of I 

Piu^ii||Dji^^ 

format; the code is used to specify the actual floating-point operation. |§§f 

• * * * • • ""*• • * . / * ••• • * Jt- V •» • * • • • «*•**» ,* Ml’, f • ’,* « '• >’( ^ 

» i ’ • * 9 "• A " •• • * • * * !• •«#.«*• • , * ••• , •«*** I ’ *••• * . . * I J I I'i * 

Source - A 6-bit source field identical to that in the PDP-11 instruction. 81 

• , « • , •*« • - - * • • • . ««• • . • / . I t • 1 • • • • •! -•••••*• ( »"« • #.•*'. t *•»*•* «** " a *?» - •« I I . ||' i. • • - . • \ |'| * 

• • * • • • • , . • _ • I , I • «**•*•••••• •••# • % • . , ' • »• V «• •••**••***••■•• *•* •*•*» • .* *«••»• V# % * • ,{. * •*'%*• . ' 

Destination - A 6-bit destination field identical to that in a PDP-II instruc- 

*• •* #*•••••*• **• t I , 9 9 ,, 9 , ■ I , • • . • 9 * ,9 •••.•* %*** * • • , J \ _ **». , • . • V* ,1 * ' *»♦**»*»•*** • • » * • • # . *• . ' I 9 9 9 * *,%•*.-•** Vl • */•**• • ,/»*•*.. • f / / _ ' I • ,• 

lion. ■88^?:';.^;.^. 88 

:Roatil[^S<^Wei«- A 6-bit field used only in folin^ ti|is^d^|r|^^ 

t references a floating-point accumulator rather than 

Floating Destination - A 6-bit field used in format!^ 

to DST. except in mode 0 when it references a floating-point accumulator 
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Table 4-1 Format of FP11-A Instructions (Conti 


instruction 

Format 

Instruction I 

Mnemonic 

F3 

• ••• . * * •••• • 

LOAD EXPONENT 

LDEXPSRC, AC 

F4 

LOAD FPU S PROGRAM STATUS 

LiDFPS SRC 

FI 

MODULO 

MODFFSRC. AC 

• i 

FJ 

MULTIPLY 

MODD FSRC AC 
MUI^FSRC, AC 

• • •• ^ / .• - * — . * . * . ^ -V* •» . • • % . 

F2 

NEGATE 

MULD FSRC. AC 
NEGF FDST 

F5 

SET DOUBLE MODE 

NEGDFDST 

SETD 

FS 

SET FLOATING MODE 

i . . • . • # , %' ,. . v . 7 . it . ' . •• • • j % x t .• .*y ,, ' • . • | / j y * s *, '•**.>.•% . • 

SETF 

F5 

SET INTEGER MODE 

SETI 

F5 

SET LC^INTEGERMODE 

SETL 

FI 

STORE 

ST F AC. FDST 

FI 

STORE CONVERT 

STD AC; FDST - , 

stcFdac.fdst 

F3 

STORE CdNVEilT 

StCDEA&FDST 
STCF1 ACCOST 


FLOATING TO INTEGER 

STCFy^DST 

FJ 

storM Exponent 

STCDI ACCOST 
SlCDEAClDiT 

F4 

STORE FPI I S PROGRAM STATUS 

Stf^ost 

F4 

STORE FPI IS STitUS 

a “ Ma '• ^ . . «S i ‘.|( • 4 . ■#», / | |N ,• # » — ^ 1 

FI 

SUBTRACT 

SUBFFSRC.AC 

F2 

TEST 

SUBDFSRC. AC 

TSTFFOSr 

t « • ■ • aka 1 4 III. It. I 44 .ll 4 4444 * ■ 44. II ‘ 


m 


’ErCV 


4J:- .INStlliOCTIttbl'SET; 

Tables $£^ t|»ntalii|^li famiilijf. 

.TkliifjeijnK^^ V ■" '■ ;*: . ‘ 

• »•» •«•*• * . •/ * !' * I * «•' t | *•*«*•*•* * • & 4 •• * . 

**• ••»***1**»* •••*•*•*••* *••»*»•«* 4* •» * • */ »• / • • • * * * 

* * • i *•***» • ' ' • • • *• *•••• .•!.>, *• i . •• * *••*•••• ' • % . ' • • •• ... *••*.. . •• • • •* • • * *• •* ** • 

I A floating-point nip*nop. designated FD, detcrminea whether lingle- or double-precision 

■ floating-point format is tplwj^liflifcteWi^^ and 

is designated by F. If the nip-ftoj^ U is specified and » designated by D. 

v Ejtamiipii*!4iGi^^ 


Oaly the 

tween NECF and NEGD orl 
styvctknw. The FbttfagfolM 

snwflCBQW miKoonnR | 

of FD tad FL as woa«y 
SETR SETC, aad SCTI ire 


11 1 -: 
ID or LDCLD la- 
does not differentiate 
: «i the iah» 
by SETD, 

mmmmmD 



- SET! *SETD- LDCLD). 


4-4 






















An integer flip-flop, designated FL. determincswh^thcrshort-integeroH 
is specifiedlfthe flip-flopi$ idN^ttidv 

If the flip-flop is set, long-integer format is specifiedand 'M dwignated : 


SFTI and SFTI 


Several convert-type instructions use the symbology defined below 


:•■ £ !! .v <:*!■ 
■ ■■■ > 


• • • • ••••••, . \ .S' •••*•••••/ 


C|| i p - Convert integer to floating 


: -V\ 




• •».■ •, •■■■■ * 




.•■■■ 






Cfd.ii - Convert floating to integer #i§Sff 

. . ,, . • .*■, .''J ■", -0 :,\.,h £?'$&> 

Cf .D°r Co.F - Convert single-floating to;dbuble-fl^t«iigor:c^^ 
single-floating ?■■■ V'-v: 


• • ,i I . • »• ’« i 

/ , \ .. *j *. .• •s „ .;/• y 


• • ’ • t , * » . * •• #••••#• . . » | » • . •1* 1(1 '• • • '.I'*' . I. • I , *f« II '• | • i A ■ t , 

UPLIM •* defined as thelargest possible number that can be represented in floating-point 

Note the UPLIM is dependem on the format spccif.cd. LOLIM is defined as the smallest 
possible number that is not identically 0. This number has an exp«i$§|S£^ ani||4fii|<|| 


mm 


The following conventions are used when referring to address locations 


•• my. ■ 

JWW 

' 1 .Vw:.» V:V:Vv:>:VV! 








.* ■ • |» •'■.:V.V>V.v 


V • * fro 




» the o 
ABS (atklrets) 
ixp (addma) 


Khe oohtimu of Urn location specified by wu 
Iress) - exponent of (address) in excess 200 notation 




• • vMm 




Some of the ocul codes listed in Table 4-2 are m the form of mathematical expressions. 


4 I I I I”, ■ I , ’ « 1 , , 1 , ’ I *« « 4 , | I (• 4 


These octal codes can be calculated as shown in the following examples 


•v . , * 


MmWmmM 


‘v;'I*: 




Example 1: LOFPS 




i '.Vi;./ 




format 1 




.v: C:.--f'.C^VrS>viff v o -ft 


1701t» SSRC 

SRC Odd is equal to 37 

' 1 ftmic : op. ccdi^ilOO 'i., 

SRC altd basic op code are added to yield 170137 










X -vV 


•: ■..• •;-ivvv./>•/•.!*iv>»i 
v\ A : \•?:• "."JW 1 . 

*. * • • • . *• .•‘•V. II 

• •: iliC 1 

«■ vy.'s; o Vr,nV.i'v 


E«ii|blrLDF 


. • • • v • • •• • • «• i•» 




* vy. # 




. • • ' a • t . •••• * « # • •• *. • • • . ■ • '«l«. •• •••• I ,l Si'l* * r I 

AC^rtitHhi^and register 6 specified (FI iMtfi^ttdpljfbrmat) 


•:••••• .• > 


•i 


", ..*-v 'i' 1 


:: .....•»* : vs. fay• ' : ; z 


172400 + C • 100 4* FSRC 


\. vv.v- s ‘- :.*v 

• •. .v A-"* 


mmmm 




AC 


2 • 100 » 200 


■ ■■■ 

:. •::.••». -r:‘:-*v 
• • • V:: i -/.v- 


Kmy^mwmrn 

• • • . . . . .. • ..... 

•. : • •• :>v : < 






•. •• ■ / •. 


17^^200^172600 

: FSRC is equal to 26 






i : 




. y. vx- V * 


172600 + 26 + I72«6 


• •» i •• • • . ( ■ • 

• ;<;•; •••.•'/v 




7 . AC v I means that the accumulator field (bits 6 and 7 in formats I I and F3) is logically 
ORed with 01. 


Example: 

Accumulator field * bits 6 and 7 * AC2 * 10. AC v I * II. 

The information in Table 4*2 is expressed in symbolic notation to provide the reader with a quick 
reference to the function of each instruction. The following paragraphs supplement the information in 
Table 4-2. 


Table 4-2 FP1I-A Instruction Set 


Mnemonic 

ABSFFDST 
A BSD FDST 


Instruction Description 

V; V V/.'J • ;V.>V;v v. a >:V '\ m S' ;.*•’ .•*, #v * . . ..* ’ ^. 

Absolute 

F&ST Stnintis (FDST) ifFDST < 0; other 

}*SilFt!^S;(FDST) 

FC-0 " 

FV-0 

FZ -1 if exp (FDST) • 0; otherwise FZ -0 
FN-0 


Octal Code 

1706004 FDST 
F2 Format 


A DDF FSRC AC 
ADDDFSRC AC 


CL RF F DST 
CliRD FDST 


ACS ;(At)»(FSRC) ifI AC|*(FSRC) 

':; ^ M : '' 

FA-lif|AC|> UPLIM; otherwise FV*~0 

Clear 
FDST — 0 
FC-0 
FV— 0 
FZ —1 
FN — 0 


1720004AC*1004FSRC 
FI Format ' ; V. 


1704004* FDST 

,• • . ,*#/ * ,fc # » xt . *•*»* 

F2 Format 


CMPF FSRC. AC 
CMPD FSRC AC 


FloatingCompare 

raST ^(FSRC) 

FN - I if (FSRC) 
FN *10 


S(AC) ift othemiic 


l734004*AC*t004*FSRC 
FI Format 


4-6 





Floating Divide 

AC - (AC);<FSRC) if!(AC)iCFSRC)| v-' 

fc so}; : : 

FVS I if I AC|> OPLIM*^tRtiwiiiFVSi 
FZ- I if EXP (AC) « ^ 

FN - I if (ACl®#^ 

Floating Load -i'*#-? 

AISSiFSRCL • 

FN : S:i}iT(^^ 

• • ••••• • •*••.**• ' • • • • * • • • • *• •*: *, • • .* '•*"««'"* "• ''•••• * •#, • * % • * 1 • aa • ' 

^L^lFUMalm^ > 

FWiSliif ■ (A© 


DIVF FSRC, AC 
DIVp FSRC AC 


1744004 AC*1004* FSRC 
FI ■ Format 


LDF FSRC AC 


FI Format 


LDD FSRC AC 


LDCDFFSRC.AC 
liDGlFDFS ACAC 


D. F-double*precision to 


If the current format is single-precision float- 
ing-point (FD - 0). the source U auumed to 
be a double-precision number and is con- 
verted to singlSprecision lf the floating-trun- 

otherwise, it is rounded. If the current format 

sumed to be a single-precision number and 
loaded left-justified in the AC The lower Half 












Mnemonic 


LDCIF SRC. AC 
LDCID SRC. AC 
LDCLF SRC. AD 
LDCLD SRC. AC 

LDCIF « Single Integer 
to Single Float 
LDCID « Single Integer 
to Double Float 
LDCLF * Long Integer 
to Single Float 
LDCLD ® Long Integer 
to Double Float 


Instruction Description 


Load and Convert from integer to Floating 

AC *- Cil.fd (SRC) 

FC-0 

FV-0 

FZ - I if (AC) - 0; otherwise FZ - 0 

FN 1 iLtiC) < 0; otherwise FN - 0 

Cil.fd specifies conversion from a 2’s com- 
plement integcr with precision I or L to a 

integer flip-flop IL - 0, a 16-bit integer (I) is 

icger (L) it specified. If floating-point flip-flop 

specified, and if FD » I. a 64-bit floating- 

point number (D) is specified. If a 

teger is specified and addressing mode 0 or 

so u rce register aren:)c^; - re-. 
maining 16 bits are zeroed before the con¬ 
version. 


177000+ AO 100+SRC 
F3 Format 


LDEXP SRC. AC 


LDFPS SRC 


MODF FSRC. AC 
MODD FSRC. AC 


Load Exponent 

Ae sign mim mm 

AC EXP +- (SRC) + 200 only if ASS (SRC) 
Ai RiAilnOhL^ (AC FRACTION). • 

1^ ^ I if (SRC^ 177; otherwise FV 0 

M &■^ iifiEXi(AC) I ^: 0; 

Load FPII-A’s Program Status Word 

• i # *• * i * • 

'* s • • • . ' • • V .'/*• , • 

...... »•»••• . .. '*» *' * \ * * • i • 1 * • 

Floating Modulo 

ACMftti^iiipart of (A£)*(FSRC) 

AC - fractional part of (AC)•(FSRC) 

* I^LIMItfrlFlU ^ 

- ' ■ 

mmtii At IliiH^iMidtMmiseFV 


176400+AC* 100+SRC 
F3 Format 


l|^p!M-SRC 

F4 :FprmiS" / 

I7I400+AC* 100+FSRC 
FI?Fbrtitil- : 


Mnemonic 


MODF FSRC. AC 
MODD FSRC. AC 
(com) 


MULF FSRC. AC 
MULD FSRC. AC 


NEGF FDST 
NEGDFDST 


SETD 


SETF 


SETI 


SETL 


STFAC.FDST 

StCfcA^FCOT 


Table 4-2 FPI I-A Instruction tt ool i 


Instruct ion Description 


The product of AipJ. - 

bits in double-precision floating-point format 

The in teger ■■ •;p:axt;j^|p:|a|ldci 

The.' fraction a I par t MieTM^ 
stored in AC. :Nppti^L m 
canbc done with rero error, allowing decimal 
digits to be stripped off with nc loss in preci¬ 
sion. 


Floating Multiply 

AC-iiAC^lFSBiLif |;gtC)i(ii|i)|^:: ; * 

M LOLIM; otherwise A® B 

FCS&: :?'? ::^^ ; 

witm 

Fbi - i^ii^ACf. : ; 


Negate . •' . ■:. .. I 

FV *-0 

W*~:i if if EXP (FDST) « 0; otherwise FZ 

•: ;*#: : v ■■ 

Fwfe.+^ . 


Set Floating Double Mode 


Set Floating Mode 


SetlntegerMode 
FL-0 


Set Long-Integer Mode 


Floating Store 
FP$T-(AC) 
«i 


Octal C ode 


7: ’ v* ; *. {v-v.* *v : : v 


• . • • • . • • 

• V •*. *.;•.« 7 .•** 


• ../, .-. ... 


W Vs : &:< <■* 


vJl+vW. 




'• / •* . *••• *Vt 


. ■ ■ \ 




171000+AC* I00FSRC 
FI Format ' SMI 




• . • • . i ,i IV . *-i a - * • t 




i'iV. 


'^y/Jj'J'^VvsV^v 

*• i* . *"i i* vV'h' «— * 


IIOTOOiFDST 


















, s ^ s . 


Milii 

. ■ . •• ••' / J: '; : 7 , , l > , 


• •• . !'• « > f " . •«' 


t* • •#! * • v 1 .* v t ,v 

•• •:••:• ;• ,V6 




FSIFormiC 


mrntM 


FiiFdrmir 


170002 
F5 Format 


*• . ' ... .* *• ,r • y •#*:> v.: , *.v*. • 
■■: ■■■ 

' ■ • • . ./i i i»V<-A 

■ ■ > ■ •: .•• .. . 




ii'liii 

.*<•> 4>Av« iV;*:/ 


!70012 , . a 

F5 Formal 

j: ■ h : .:y • 

174000+AC» 100+FDST M 


• *. a'.*.” 























Table 4-2 FPI l-A Instruction (Conti 


Table 4*2 FPI l-A Instruction tC ont> 


-••••• 




> .V 


y.\ 


: \ • 


T 


Mnemonic 


STCFD AC* FDST 
STCDF AC* FDST 


STCFI AC. DST 
STCFL AC. DST 
StCDI AC, DST 
STCDL AC. DST 


STCFI » Single Float-to 
Single Integer 
STCFL “Single Float to 

Long Integer 

STCDI • Double Float 
to Single Integer 
STCDL ® Double Float 
to Long Integer 


STEXP AC* DST 


insmidiofl imcripnon 


Store Convert from Floating-to-Double or 

Double*to* Floating 

FDST - C F , D or Co* (AC) 

FC-0 

FV - I if| AC |> UPLIM; othersise FV - 0 
FZI if (AC) * <fc otherwise FZ 0 
FN I if (AC) < 0: otherwise FN - 0 


The STCFD instruction is the opposite of the 
LDCDF instruction; thus, if the current for¬ 
mat is single-precision floating-point (FD * 
0 ). the source is assumed to be a single-preci- 
sion numberand if converted to double-preci¬ 
sion. If the floating 

number is tr. 
If the current format is <louble-ptccisioi) (FD 
I). the source is assumed to be double-pre¬ 
cision number and loaded left-justified in the 

AC. The tower half of the AC is cleared. 


Store Convert from Float ing-to-I nteger 
Destinatkmrecei ves :COhli^!AC^Lf te 
suttingiMcgernumber can be fcpmenied in 
16 bits (short integer) or 32 Intt (mng intcfer). 
Otherwise, destination is zeroed and C-bit is 
set. 


FV 

M 

FN 

c>- 

v 

z 

• * ' • • 

N 


-0 ..... 

* I if (DST)« 0; otherwise FZ 
I if (DST )< ft twlrtiririse FN 
FC 
FV 

FZ 
FN 


-0 


0 


» % •• • *•***•*•« • • •• . ** * . * * • • * i * . 

When the conversion is to long integer (32 
bits) and address ntode 

is specified, only the most significant 16 bits 


StbtelEipbi^^ 

DSIl®:AC^ 

. 

l if(DST) - 0: otherwise FZ 
- I if (DST) < 0; otherwise FN 
FC 


FC 
FV 
FZ 
FN 
C 


*- 0 


0 


V - FV 

Z — FZ 
N-FN 


4*10 


Octal ( ode 


170000+AC • 1004* F DST 

FI Format 

F. D-single-prccision to 
double*precision float* 
ing 

D* F*douhle-precision to 
single-precision float¬ 
ing 


I75400+AO100+DST 
F3 Format 


|75000+C*I00+DST 

F3F<»rinit 


Mnemonic 


Instruction Description 


Octal Cod# 


ST! PS DST 


Store FPil*A*s Program Status Word 
DST - (FPS) 


170200+DST 
F4 Format 










•v/j: 






r. • •* 


STST DST 


Store FPI l-A*s Status 
DST - (FEC> 

DST + 2 *-(FEA) if not mode 0 or not imme¬ 
diate mode 


1 70300+DST 
F4 Format 






5 




,*•. 






* * 




A 


f. 


SUBF FSRC. AC 
SUBDFSRC* AC 


Floating Subtract 

AC- (AC) -(FSRC) if|(AC) + (FSRC)| 

FC -0 "V-,'..." .*;■ 

FV - I if AC UPLIM: otherwise FV * 6 
FZ— j if (AC)» O’ oth^tiMr FZHO . 
FN— I if (AC) < ft otherwise f N fe O 


TSTFFDST 
TSTD FDST 


Test 
Floating 
FC*-0 
FV—0 

FZ+* Iif EXP (FDST) Mftbth^ 

FN - I if (FDST) < 0; otherii^ M KO 






173000+ACM00+FSRcf|| 
FL Formic - 






, ' V 


y; : 














: 1 








£ 


, i:. .."i* 


y. 




- v . 




s *. A 


•*t. •*. 




V.'l A% 


t *'* 


\c,v:«v t 


. t • .V 


ITOSOO^FDSf 

F^Fwmit?' 


' ' 










•V • s 




•. v . •• -j’ ; •* 

'••I: ;•••. :r.| # i« 4%}.' 

1^. %'* 




IN. 




.v. 




•V' 


Vi 






A. 










*• 


f I 








t % ■ v •% 


i i 


li 


* i. 


* t 


• \ v 


' s'' A. 




« ./. 


> • t •< 






v-: f: •?. 


Divide) rc<|uire|i!|»icg^|i§ (a 

otherwise) ar^|mi|||c^^ a 
by the FPU - A and the result i* 




a;. •/. 


V; * 


•f *. s 




Ay; 




t r \ 






? Ar.\ 1 : 




y •/ 


Vi' 


* .* r 


•'.A 


vviiWiv:: 


< V 


Tie Compife initru^ aho rnfuirei one operand in a source and bi^|b|||f^ a destination 
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locations after the instru^jNi|i|ss 

executed^tmtfFPf^I 
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|^^^||^l^^^mB^^y^^^^||^mi]^^andsto|^|||g|||^|^>ansa$flotttingrppint' 

numbers. l Tho>wli|Sntinibl||^^^f||||i!i^ accumulator and the fraction goes 
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The whole-number portion of the number, when expressed as a floating-point number, contains an 
exponent greater than 20 l in eJieeM 200 notation, which means that the whole number has a decimal 

value of some number greater than one and less than UPLIM where UPLIM is the greatest possible 
number that can be 


The frarifofwlli^^ as a floating-point number, contains an expo- 

. This means that the fraction h^;|Sv|||§||®t|^ 
0 i 8 iffl iwtWhaiftLOLll^i wlM« ^LlM is the smallest powible number that can be repre^nt^ 
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433 Load Instiu (ion 

The Load instruction causes the FPI l-A to take an operand from a source and copy it into a destina¬ 
tion accumulator. The source is a ftoati g-point accumulator in mode 0 and a memory location other¬ 
wise. 

43.4 Store Instruct km 

The Store instruction causes the FPI I-A to take an operand from a source accumulator and transfer it 
to a destination. This destination is a floating-point accumulator in mode 0 and a memory location 
otherwise. 

4.3.5 Load Convert (Doohle-to-Floattog, Floatteg-to-Do^de 11wtraetlom 

The Load ConvertJ^fcfctb-f^ling (L to assume that the 

source specifies a double-precision floating-point number. The FPH*A then converts that number to 
single-precision, and places this result in the destination accumulator If the floating-truncate (FT) 
status Hit is set• (tlic ;i* rpunelcel Isy aMleSivi^^ai^t^to 
the single-precision segment if til; the prior 

conditions set up by r if: flier/=.or--t^ 7 (ibyhfci-jpfcci*ton segment isO, the 
single-precision word remains liMw rouiutif»g^' 
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33 32 31 30 
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SINGLE PRECISION 
SEGMENT 


DOUBLE PRECISION 
SEGMENT 


VA4>?M 


Figure 4-3 Double-to-Singlc Precision Rounding 


jad Convert 

spcaficsastnglc-preasion number TheFPlI-Athenconvensthat numbertodouble-prccisioi 
end mg 32 zeros to the single-precision word, and places this result in the destination accumula 


tor. 


Note that for both Load Convert instructions, the number to be converted is originally in the source (a 

floatihg-f^inra^niula^ifFiiiw 

t ion ta&uiHu laidrafftoimiterti^ 


4.3.6 Store Comcrt ( 

The Store Convert Double-to-Floating (STCDF) instruction causes the FPI l-A to convert a double¬ 
precision number located in the source accumulator to 4 |stnglj||precision number. The FPI l-A then 

iransfers this result to the specified destination. If the floating-truncate (FT) bit is set. the floating- 
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The Store Convert Floating-to-Double (STCFD) instruction causes the FPI l-A to convert a single- 
precision number located in the source accumulator to a double-precision number, The FPI l-A then 
transfers this result to the specified destination. The single-to-douhle precision is obtained by append¬ 
ing zeros equivalent to the double-precision segment of the word (Figure 4-4), 


Note that for both Store Convert instructions, the number to be converted is originally in the source 
accumulator and is transferred to the destination (a floating-point accumulator in mode 0. a memory 
location otherwise) after conversion. 
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The Clear instruction causes the FPI l-A to dearafloating 
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biiltiietorilpfitSliiliiiilit^ 
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The Absolute instruction causes the FPI l-A to take the absolute value of a floating-point number by 

;ft)iicij^itl§i§^ 

i* 0. areros are written imo 


-• v 

•• -Milt 


If mode 0 it not specified, the sign bit of the specified data word in memory is zeroed 
this word is tested, and if it is 0. the entire data word in memory is zeroed. If the cape 
the integer exponent is restored to memory. 
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tiife ife WJf: v (oirFIRf; j 

operand. If mode 0 is specsISi^=flpS^um.bcr in the floating-point destination aj^umdl|^ 



If mode 0 is not specified, the sign bit of the specified data word in memory is complemented This 
word is then transferred from memory to a floating-point accumulator. The exponent of this word is 
tested, and if it is 0, the entire data word is zeroed and transferred hack to memory. If the exponent is 
non-zero, the original fraction and exponent are restored to memory. 

4J.II Load Exponent Instruction 

The Load Exponent instruction causes the floating-point processor (FPPi to load an exponent from 
the source (a floating-point accumulator in mode0,a memory location otherwise) into the exponent 
Held of the destination accumulator.-Ill orderto do this, the 16-bit. 2*s complement exponent from the 
source must be converted to an 8-bit number in excess 200 notation. This process is described further 

below. 

Assume that the 16-hit, 2's complement exponent is coming from memory. The possible legal range of 
16-bit numbers in memory is from OQOOQO^to 177777*. On the other hand, the possible legal range of 
exponents in the FPII-A falls into two classes. 

1. Positive exponents (0 through I77)-When 200 is added to any of these numbers, the sum 

stays within the legal 8-bit (i• from 200 

2. Negative exponents (177601 tkrdtq$ these numbers; 

the;sum stays within the legal 8-ba exponent field (i.e., from l through 177). 

Notice that all legal positive exportsdoping fiwn their 9 high- 

order bits are alt 0s. Stmilarly, all leial ^ exponents from memory have their 9 high-order bits 
equal to I . therefore, to detect i legal expoiiditL on| tli 9high-order bits need b^examiitetTforSit) s 

or all 0s. . 

Any number from memory outside these ranges is illegal and will result in either an overfloxy or ah 
underflow trap condition. 

Example 1: LDEXP 000034 

Exponent of 34 
200 


The upper # bits all equal ftso dlls is f^dyeci^^ is sent to the 8-bit 

exppnentfl^^ YT 

Example 2: LDEXP 201 


Exponent of 201 
200 


This is an illegal positive exponent. Notice that when 200 is added to the exponent, an overflow 

occurs. 
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Example 3: LDEXP 100200 


’■ * ! */ 
: • . : 


0 0 


Exponent of 100200 
200 


10000000 




00000000 


Underflow 


This is an illegal negative exponent. Notice that when 200 is added to the exponent, a result is 
produced t hat is more negative than can be expressed by the 8-bit exponent field Th us, an under¬ 
flow occurs. 
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Example 4: Special C ase - Exponent of 0: LDEXP 177600 












Exponent of 177600 


Kilt If II 

♦ >0 


10000000 

10000000 
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This is the one case where the 9 high-order bits are all equal, but the exponent »s illegal. This is 
because 177600 represents an exponent of 0. This exponent causes an underflow condition to 






exist; that is, it is treated as ait iHegal negative exponent 
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in sign andmagnitude fbrmi4.Jf short^ 
spccifod.thcnumbcr frommemoryts 32 biu and isconvert^ to 

depending on whether floating or double mode is specified. The integer is loaded into bits 55-40 if 


JA if r 








«result of addit|ili|2|Q^ 
theexpofiem »expressed in excest 200 notation) to I7 8 whichjrej>$pi^ 

^ integer 1 ^ 1 ^ wiik^x? emiMixaicn^^ K 


■Svsw-v/.W-csy. 


'•!. • X \‘.y' : ;, 7- 


of bit a pcwiitixi«^iSS^ 

number. Thc number is then normalized by left-shifting until bit 63 becomes a I lf bit 63 is I (negative 
number), the integer is negative, the sign bit is set. the number is 2*s complemented, and then normal¬ 
ized. yv ?'' : : - 5 -7 '/y : : - : 7. ;: 1 r 7 • y y-"--- 7 .; ; - ; 7 : ryv 7'r - yy v -:" 


To normalize a number, bit 63 (MSB) ofthefraction must be equal to 0 and bit 62 must be made equal 
to I Todo this, the mteger isshifted tberequired number of places to the left and the exponent value is 




EXP 


iS Jt- 


Shift integer 15 places to the left to normalize 

Decrease exponent by !5] 0 which is 17 8 
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When loading a long integer with an FD ■ 0, if the long integer contains more than 24 s«|gnifte|itt. 
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Figure 4-61 Normalised Integer Example 
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4J.I3 Store Etpootot l»%fructk» 

The Store. R*poneht (Sf feXP) tn»uuelion causes 

hPU-A. extract the #*btt exponent field from thii number, and subtract a constant of 200 (since the 
exponent; ts expressed in excess 200 notation^ The exponent is then stored in the destination as a 16- 
hit. 2\s complement, right.justified number with the sign of the exponent (bit 0?) extended through the 
H high-order hits. ■ 


The Iqtal range of ^exponents is - from 0 to ;■ T!% ex 

number stored ranges from -200 to 17? aftenhe constant of 200 has been subtracted The subtraction 
of 200 is accomplished hv taking the 2*s complement of 200 and adding mo the exponent field <Figures 
4«?and4*11). ' 




*. v 


. * 


’ * 


V* 


.(• 


•: • •; * v • •• 


.1 * / 






a* • i'#!/•' i 


15 14 


12 11 10 


FLOATING 
POINT 
NUMBER IN 
FP11 A 


EXPONENT 

TRANSFERREO 

taMlMORv "■■=! 

--Si 

ACCUMULATOR) 


floating; 

NUMBERIN 

FW1-A ;: •" 


EXPONENT 

TRANSFERRED 

tomemort" 

ACCUMULATOR) 




./s;FVM 


v: ■ .f .i 


EXPONENT (8 BITS) 

O 6 O 1 


FRACTION 




i • \ • •,% 


•S'.y-.Vi.-; 




SIGN EXTENSION 


i . .i • • ••.it » r\; 


S ' 






1 . vfy fj 








V-X^^V 

. I.* %*.J *v 


’r: 


/.js v.'l'l 




n io 






V ;•< •‘/•V ,V* 

.vs»i 


. Vs/y- 

/. J| V.r:.' :, v*: 
••V'V'iV'V W 


/ ,, * 




NA ; *;14SSii 


1* t / .• /I 


Figure 4*7 Store Exponent Example No. I 
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Figure 4*8 Store Exponent Example No, 2 
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Two examples that illustrate the process follow: one using an exponent greater than 200 and the next 
using an exponent less than 200. 


Example I: Exponent * 207 


Exponent of 20? 

2*s Complement of 200 


10000!11 
410000000 


Result * ? 



00000III 


Sign Bit 


Example 2: Exponent * 42 


Exponent of 42 
2*s Complement of 200 


00100010 

*10000000 


Result * -42 


10100010 


Sign Bit 


• #**•§§** • • * • • .• . • ■ * •. * i 

4 J. 14 Store Com ert Hoating-to-lnteger Instruction 

The Store instruction causes the EPP to take a floating-point number and 

convert it to an integer for transfer to a destination. 


' •• • • 


The four classes of this instruction are as follows. 


l> STCEl - Convert single-precision, 24*bit fraction to a 16-bit integer (short-integer mode). 
. "STCEE -r€0nyerC$ing!|#!r#»$to^^ 

•Ji 'STC E>E* Con vert double-precision. ; ;5i| hit fraction to a 16-bit integer (short-integermode). 
4v STC DL - Convcrt double-precision, 56-bit fraction to a 32-bit integer (long-integer mode). 


*••••• *, • • • . * •• • • • . •• • •••• , • • i • a . ✓ • . 

The (normali/ed) floating point number lo be converted is transferred to the EPP. The EPP works 
witftTlie liign bit and one of the following. 


The 15 MSBsofthcfraction forEloaiing-lo-Intcger and Double*u> - Floating conversion 
The $X ^ of ttoifraction ^ 

The entire fraction for Floating-to-Long con version. 


TheEPl^ if the floating-point number is a fraction. If the 

; rMSdi ft# 
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Eigure 4-9 Store Convert Integer Example 


I* Format 

116 bits i 


Floating- Point I -Eor mi 
Etpth al«n t (32 hits ) 


I777777777? 


Most Positive 
Integer 


07777? 


Least Positive 
Integer 


17777? 


,(7777777777 


Most Negative 
Integer 


NOTE 


Thus, the exponent of a positive floating-point numbcrtobcconvcrted^ (220 in 

excess 200 notation) to convert toJ-format or 32! m (240 in excess 200 notation) to convert tol^lidirniitl 
The exponent of a negative number to be converted must be 

convert to I- or l -formats. respectively, ' ^ 


TheT|l!PJt^ts wdi«thcCihi:floating-P«>int number to be converted is within the range of integers that 

long integers) from the rc>ult of the first test (result ol first tcM * biased exponent - 201* “ unbiased 

is too large to be repreven ted as an mtegcr.lnthat case.t conversion error occur sand IK arc vent to the 
dcslination lf thc result of lhe subtraclion is a negative number other than -I. the floating-point 

an o\-«?r*loxx- condition. If the'r^Si|i^6)fe|||||' 
number is either 220 (short)|u|i^|j||§^|i|^ 
S^^H^^|^i^0p3|§10^^@SS5!|^jfifeiitiijig|j^int number in within range only if its sign is negative 

ini u I ;(ejrTOr ^ ^ 

SitecSw^ 





To convert the fraction to an integer, the PPP shifts it right a number of places as specified by the 
following algorithms. 


Short integer: 
l ong integer: 


No, of right shifts * 20 k + 201s - biased exponent - I 
No. of right shifts * 4(% 4* 201m - biased exponent - I 


Regardless of the condition of the FT bit, the fractional part of the number is always truncated during 
this shifting process. 

IT the floating-point number is positive. the integer conversion is complete alter shifting, and the 
number is transferredto this apfp^ If. howler, tfe? flo^ nega¬ 

tive, the integer must be 2*$ complemented before being sent to its destination. 

After conversion; the FPP performs h:|hirdlfeitfeir ^ 3^Sfc"fp!T-\t!Nc 
f con vertcil I --inicigifir >) ti 

t here has been a eohyersiohfcrrorandtffe^F^ bit is sei This t^ 

a floating-point niirtilfer%itli an exponent of 220(short) of 240(ifibii'to 
the most negative integer. 

Example I: Store Coatert Floaring-to-Integer iSTCFI) 

Exponent * 203 

Fraction (24 bits)* 100000000000^^ 

15 MSB* of fraction - .100000000000000 

203'(^Ici^^ -'' i" v:' : G '■’■■.. 

I. Test I: Is the number to be converted a fraction'’ 


Exponent: 


No 


203g 

IMF 


«gi^ 

' i 


2. Test 2: Is the floating-point number to be converted within range? (We are working with a 

' positive 


Result of Test I : 


Yes 


m 


IIS 


Indicates that the number to be converted is within 
range and can be represented as a iMitt ihl^er. 


' Howhjij^ .. 

Mg* 

*13 right shifts 

This ex ample in volves a positive number^fcofii^ipn feSiiii^fe^cr 13 right shifts. 
ihe number had been negative, the integer would havc bcen 2 % $ complemented 


4-20 


.. < 
\ 


3. Test h The MSB of the converted integer and the sign bit of the original floating-point 
number are compared Since they are equal, no conversion error occurs. 

Example 2: Store Comer! Floating-to-1nteger iSTCDl.i 


Exponent 

Sign 

31 MSBsof fraction 


240m 

0 

I OOOO0OOO0O0OOO0000OO00O0OO00O0 


Test I: Is the number to be converted a fraction? 


Exponent: 


No 


*40* 

201 

3?* 


Since this result iyppsitive. the given floating-ppint 
number is hot a iraction, hftti cohvcrVicm may pro¬ 
ceed (Tc,. no conversion erroroeeursj. 


2. Test 2: Is the floating-point number to be convcrtcdwiihin range?!^ working with a 
positive long integer.) 


Result of Test I: 


37 

-40 


We know the number is out of range by examining 
the Mpn hu nn fact, this number is one grcater than 

the most Iffejsitij^ 

version proceeds Without error at tliiilpOmt; ' ■ 


How many right shifts? Use algorithm 

is :• I: : ^0-. 


* No right shifts 

Converted 32-bit integer * 20000000000* .. 

. Since life number is positive, conversion is now complete (i.c.. no need for 2’s com¬ 
plementing). 

3. : ^ sign bit of the 

. are no; equal, a con* 

floating-point status (EPS) register. These lb hits contain status information for use b> the EPI I-A in 

Ord*t©hifebfet£fiMiiirtileii#^ 

Thts i nstilicpmlij®^^ f(If flsrrihiiehti Itui tion . : ; 

4JJ7 Store FRIT* Status v 

occurs. 



If mode 0 addressing is enabled, only the EEC is sent to the destination accumulator If mode 0 
addressing is not enabled, the t 4EC is stored in memory followed by theEl Av In memory, the FT A 
data occupies all 16 bits of its memory location, while the EEC data occupies only the lower 4 bits of its 
location 

When an error occurs and the interrupt trap in the CPU is enabled, the CPU traps to interrupt vector 
244 and issues the STST instruction to determine the type of error. 

MOTE 

The STST instruction should he used only after an 
error has occurred, since in all other cases the in¬ 
struction contains irre!e%aitt data or contains the 
conditions that occurred after the last error. 


Example 2: OX' ♦ C \l + BX + .4 

Loop 2 



ACO « If!> • X ♦ C) • X ♦ BJ • X + A 


Loop I 


Loop 3 


ACO * |DX : ♦ CX ♦ B) • X + A 
ACO » OX* ♦ CX* + BX + A 


4.3.IK Copy bloating C ondition Codes 

The Copy Floating G>nditton Codcs (CFCC) instruction causes the FPP to cop> the lour floating 
condition codes (FC F& 1^/ ^ Z. V, N) 

4.3.19 Set Floating Mode 

the Set Floating M^lpEtF) instruction causes the FPP to clear the FD bit (bit 07 of the FPS 
register) and indicate single-precision operation. 

4 . 3.20 Set Double Mode 

the Set Double causes the FPP to set the FD hit (bit 07 of the F PS register) 

and indicate double-precision operation. 


SET F 

MOV #3/10 :SEtlJPtl^l^UNtER 

MOV#D*4/*I ;SET 

®DF(««MCI ■ 

glrfaco 

LOOP: ADDFt4).AC0 

:TO PARTIAL RESULT 

MULE ACI.ACO MULTIPLY PARTIAL RESULT BY X 

■•■SO’ 

STFAC0.-<6)" ■ ■ ' 


4.3.21 Set Integer Mode 

The Set Integer^ the FPP to clear the IL bit (bit 06 of the FPS) and 

indicate t hut : 

4i3:22 '' 

The Set 1FPP 'ws/sset-^jt.l#e/l 1^ 

This paragraph contains two programming examples using the FPII-A instruction set In example I. 

A is added[lp;Ri : ^»s$!b!r$|ji!!ftKffi^ 

t h is ; m ut i i 

A, which involves a 3-|ws$ 

Exa^l^ . 









. CHAPTERS 
PROCESSOR ORGANIZATION 


Pill... 

SlSiPri;IeqfniiiHbsct^1o the KD11-F.A central processor via a tri-slaic bus 

mcmor> utilizing the memory manage¬ 
ment option. 


SERV BR PFAlt 


BR PF PENO 


Tftl STATE AMUX 


FLOATING 

POINT 

MODULE 

M8267 


KOH EA 

M8265 

M8266 


LOAOIR 


PROC CLOCK 


PROCINIT 


AMUXO AMUX 15 


UNIBUS 


KPIl-EA/FPIl-A Data Flow 
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Mnpuumbitipfetltf^ 


operations 


plexers both have an inhibit capabitity. This is the 
If the five data inputs to 

uses eight of these operand pairs Selection of the ALU source operand pairs is accomplished by the 
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The direct- .atu (D) source-operand input port is used to insert all data into the working registers 
inside the 2901 microprocessor ^ D-input can also be used by the ALU to modify any of the 

The (^register is a separate 4-bit register intended prii|if|||l||f||^|^^tion and division 

tan dso iNt used, as an 
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ll^ALU performs three arithmetic and five logical functions as directed by the three coh4roilliijts^i; 

>'V-w:> r c;- 


The CPU software must initiate floating-point operation and originate addresses and data since con 
trol of the FP11-A resides in the CPU. 


The FFl l*A dc|thds;; 6ri; ^clie ^t4il ; in^ri^ from thememdiry io^^^ 

floating-point d^atidns. if We ^ inj^ftMSw^ & #di a fldaiing|^ 

FPH--A. W :cocftl|i|i|asU 

I TXXXXK thc FPIT^thfe<So vllwt^FFtI?iit<>M <raad-Hdnly memory ) micro- 

si at cs associated with floating-point instructions. 


The simplified block diagram illustrated in Figure 5-2 shows the major iunctions of the 1^1^ 


S2 MlOlOmO<XSSO*DESCmFmS ...... . 

the p r i nci pa I data manipulatfon element in the floating-poi nt processor:. ir the. A M 2901 micro - 
processor (Figure 5*3). The basicmtcroprocessoris4 bitswidcand 16 of these units arecascadedto 
make up a 16 by 64-bit word for the FPI l-A. A general discussion of the microprocessor followed b> a 
description of ns integration into the ovcrall floating-point processor is given in the following para- 
graphs. * 


53*1 M ic rt HM ^octaaorOg ja a iM .. 

As shown in Figure of the micrpjprociisord^ 


controlled by the 4-bit A-word address (A<rA)) field Similar?;/, data in any of the 16 words of the 
RAM as defined by the B-address (Bq-Bj) field input may be simultaneously read from the B-port bf 
the RAM It is also possible to apply the same address code to both the A and B select fields, in which 
case t iraiv fiy 


/ .* 




data input field is driven by-at 3-input multiplexer which permits shifting of the ALU output. Tli| 
input multiplescr allows data to be shifled right I lrit p<mtion. teft I bit potition. o^ 

either direction. : ■ v : : "-r;-?-JV" ;v;:- r -f • ?:• 7v-, - v :V:r‘- • <-; 
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(G). and carry propagate (P). ariimWttijpts 
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Table 5-3 ALU Destination Control 




Miemmlc 


RAM 

Function 


Q 

Shifter 
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U h Code 


Shift 


Load 
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LO Rl LI/R0 


V' •* 


■-y t A.. - /* /: 
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•!| . v/o A.V... v 


None 


None 


ALU 

«* i» 

ALU 

(F,l 
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F„ IN, 


IN,. 


IN,, 


F, 


F, 


ftraifei- Eleetncally;(lie shift pin isa TTL input internally connected to a litre 


^m^iH'in the^ high impcdence state. 


v; v:;: ■ 


V 


Q« IN, 


<& x 


ix rt 1 L Q 


.•output 


Q 


represents the most significant bit (sign) of the ALU and can be used to determine positive or negative 
with'respcMri to the sign bit output Y3. 

output that can he wire ORcd between microprocessor slices. F * 0 is high when all F outputs are low. 
OVR is a Hag indicating an arithmetic operation exceeds the available range and is high when the 
overflow condition exists, i.e.. when C n and C B +4 arc not of the same polarity. 

. ... • •* . . t ■ • ■ ■ 

* _ 

•*’ . 4 > V . •. ? v * ^ • %#«•' . / ' • 

Inputs to the RAM are via a 3-input multiplexer. The multiplexer allows input data to he entered into 


Shifted left one place 
Shifted right one place 
Unshifted. 
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J 




> ... ; 


The shifting is accomplished by two ports: RAM-LO/Rl and RAM-RO LL Both ports consist of a 
buffer driver with a tri-state output and an input to the multiplexer. In the shift-up(X2) mode, the RO 
buffer is enabled and the Rl multiplexer input is enabled In the shift-down (-2) mode, the LO buffer 
and LI input are enabled In the no-shift mode, both the LO and RO buffers arc in the high-impedance 
state and the multiplexer inputs arc not selected. The microinstruction control bits l fr , 1?, and Is oper¬ 
ate the shifter as shown in Table 5-3 


The O-register is also driven from a 3-input multiplexer. In the no-shift mode, the multiplexer enters 
ALU data into the Q-register. Operation for the shift-up or shift-down modes is the same as for the 
RAM as indicated in Table 5-3. 

The R A M. Q-rcgtster, and the A and B data latches are controlled by the clock input. When enabled, 
data latches are also controlled by the clock input and data is clocked into the Q-rcgtstcr on the 
|H)Sttive-gomg trahMlioit of tfp^jidek. When the clock input is high, the A and B data latches are open 
and will pass any data that is present at the RAM outputs When the clock is low. the latches are closed 
and will retain the last data entered. If the RAM-FN is enabled, new data is entered into the RAM file 
(word) defined fcy tlic B-addrcss field when the clock input is low. 


5.U BAM 

• m m %0 -J • • *• • «U. u* #• •• , • • • . '•* • *% . , S ' •• ' | . 

The FFI I-ARAM register usage is shown in Figure 5^4 This unit^ located in the microprocessor, is 
the scrktcfii||||mii|l^i^^fxSdli^finthi^ie^ The 

iFi^t -I * snicroc^i^c^: It consists of 16 

S|li|iil|tck'oftlie 16 microprocessors (AM290I) contains a 16* x 4-bit RAM). 

• ••"*« • _ • * •• ••• , • ^ % • /, • «• , \ • — •••■ * *<*■•*■***•• i i . . • * * - • 

Sixofthe64-bitregister$are allocatedfor the accumulators and are aa'essibleto the programmer via 
the FP11-A instruction register Registers 6 and 7 are unused while registers 10-17 are set aside for 

Other functions include are tiler nciating^po 

5.241 Arithmetic Logie Unit (ALU) 

: performs the arithmetic/logical operation tiridgr 
command of I he microcodc(Table5-4). R-inpu ts are fed i n v i a a 2 • i n p ut m u! t i plexcr whose ili(%ts.4ri: 

ofthc RAM. The S-inputs include the A* and 

Bi-pdfts cltlteRAMari^ipptgitter outputs 

ALU output data (F) may be routed to the Q-rcgister or RAM, or may be multiplexed with the A-port 
output data from the RAM as Y 0 -Y 3 . The ALU function decode determines the arithmetic or logical 
function to be performed, white the ALU destination decode determines which of the indicated regis¬ 
ters the data is routed to or whether it will be a data output of the device itself. 

i^iroc dp|r8ii(3performs till actual register selection . All three of these functions are 

^trol^f^ word; 

• * % 2 * * * * ^ 0 * \ -• • • • • • , 

5.2^ Q-Register 

TlM-i^«x^^|^w^|j^umMlj^^maifily dwnoi^in.M(ti|^f^pnci divide operations to store multiplier or product 

remain unshifted and the register may route data 


5.2.6 Source Operands and ALU Factions 

a 1 funitons performed by the- ALU ’ and presents 

:ALUrj^gic Wh^MritiSln^iKl^'littnctipiiKIffr^lpars»*c tabulations. 
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5.2.6.1 I 
lions on ei 
shown in 
arithmetic 


ogica! and Arithmetic Functions - The Al t' performs five logical ami three arithmetic func* 
ght source operand pairs. ALU logic functions and appropriate control hit values (10-15) are 
Table 5-5. The carry input (C n ), has no effect in logic mode hut does affect operations in 
mode (Table 5-6). Both carry-in LOW (C n * 0) and carry-in HIGH (C„ * I) arc defined 
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I able 5*6 ALl Arithmetic Mode I unctions 
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Group 


I unction 
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Group 


Function 


w The four signals. G. P. C 0 * 4 , and QVR. as 
described in Paragraph 5.2 are designed to indicate carry and overflow conditions when the micro- 
P«fci^or is th the add or subtract mode. Table 5-7 indicates the logic equations for these four signals 
for each of the eight ALU functions. The R- and S-inputs arc the two inputs selected according to 
Table 5-8. 


5,2.7 Summary of Pin Definitions 

The AM2901 pin definitions arc summarized in Table 5-7. 

d u a I i n -1 i nc pack age are shown in Figure 5-5. 
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Table 5-5 ALU Logic Mode Functions 
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(FD;FL). The possible FPI l*A instruction formats are presented in Chapter 2. One bit of the status 
double-precision integer format. The outputs of these registers ire fed to the floating-point instruction 
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74S 173s. which aretri-stateflip-flops.arcuscdto buffer Unibus data being passed to the AM290ls |j§| 

This logic is controlled by condition code and T-bus branch ROMs in the FPI l-A. Branch (BUT) bits 
are routed to the ROMs whose outputs condition a group of gates. These gates are enabled by the 
various branch conditions that may arise during floating-point operations and direct (point) the micro¬ 
program counter to the appropriate code in the microprogram to service the branch function. The 
BUT conditions include the condition codes, exponent negative, exponent rero, carry, overflow, and 
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son. 
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Figure 5-5 AM290I Pin Connections 
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$A> CONSTANTS. BYTE AND SECTOR CONTROL* SHIFT CONTROL 
The constant ROMs contain the fixed-valtie numbers required for certain floating point functions 
The magnitude of some of the constants depends on whether the floating-point numbers are single* 01 
double-precision and short or long integer. Thus. FD and FL are used as ROM-gating signals foi 
proper constant selection. 

The BYTE control lines enable AM290I outputs onto the T-bus by H-b»t bytes. Any high-byte/low 
byte combination may be enabled. 
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CHAPTER 6 
FPI1-A LOGIC DESCRIPTIONS 


6.1 AM»6I ORGANIZATION - GENERAL 

The 16 AM290I microprocessor slices in the FPI l-A are organized as illustrated in Figure 6-1. 

• • « /• . "*• «• »• *•*.', “'t* * * *• •* / • • ^ **•"#•*•**•"*• ••• • • *-• . _ • • • * • 

As shown in Figure 6-1. the 16 AM290ls arc connected in parallel to form a 64-bit processor. E90 
processes the 4 most significant bits, while E6I processes the 4 least significant bits. Note that the 
AM 2901 slices are also grouped in bytes, in sectors, and in terms of a fraction and an exponent. Figure 
6-1 also illustrates the hardware implementation of this grouping. As shown in the figure, the 16 
AM290I slices are paired off to form 8 bytes. The output of each byte is enabled by an appropriate 
control signal. Byte 6. for example, is enabled by the signal BYTE 6 ENB L. The output of the 16 
AM290I slices are also grouped in sccors As shown in Figure 6-1. each sector consists of four com¬ 
monly clocked slices. The signal SECTOR 2 CLK H. for example, clocks sector 2 which consists of 
E86. ESS. E83. and E88. Finally, the 16 AM290I slices are partitioned in terms of a fraction and an 
exponent. Figure 6-1 shows that slices E62 and E6I are associated with a floating-point exponent. 
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fr*tion dtctt are controlled separately 






1 bipolar microproc«soruniiicompn»inglhc principal FPII-A 
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explained above, the 64-bit word is further subdivided into 4 sectors of 16 bits each and 8 bytes of 8 bits 
each. This arrangement permits separate manipulation of desired portions of the data word via the 
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■coiiirol'-wofili^.cv. ■. . 


Chaptcr74 
be shifted 


■ explains that the contenuofamicroprocessorslice'sO-registeraswell as ,ts RAM mput can 

. To allow shifting across slices. RAMO must be connected to RAM3 and QO must be 
ecteo to03. Figure 6-3 illustrates the gales added to the RAM and Q-register data paths to allow 
shift operations as well as to allow the basic shift and rotate functions for the RAM and shift 
ions for the Q-register. Note that the RAM functions include provision for rotating an entire 64- 










bit input word for initial setup and for inserting Is or Os into the bit stream as required during the 
rotate or shift operation (Q-rcgister has no rotate operation). 

A rotate right results in a wraparound through the LSB: route left causes wraparound through the 
MSB The signal F Insert 0 is used during shin-left operations of the fraction only and ensures that a 
zeroisinserted into the fraction LSB. A shift function performed on the Q-register also causes a 
corresptmding shift in the RAM. The RAM may be shifted by itself but not the Q-register, 

?iii|ijS§jli|§hliii||8§!|itfll^ 

operation isbeing performed. 









































































































Connections to the various stages are identical except for these rotate and shift functions and the 
exponent source, ALU fuhction. an^ byte 0 (bits 0-7) which isthc cxpt>nent 

field (see ?ifW th| eitp^Wmr 

forth different fumftibhlMft that j|^ 

and exponent fields. For example, prior to a floating-point add or subtract operation, the difference in 

thee*jpertivalues must be equalized atlispiiiirc* that the appropri¬ 
ate ■ register have independent exponent and fraettoi Iwilii thiliJdressing scheme of the 

R AM :; i il lit welrii TW *« 

means that addressing a given RAM register for the exponent may require disregarding the fraction 
component in certain circumstances or vice-versa. 

The FPI l-A AM2901 signal interface is indicated in Table 6-1. 


Table 6-1 FPIt-A AM290I 
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Tri*state transceivers are composed of 8097s (tri-state gates) assembled to drive the T-bu$with^$|UX 
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microprocessor suers 



Figure 64 Carry Lookahead 


.... .. . 

• at . _ — • a •* • , • • • t * ( • (i • • • • • •!*••• *** . . •* *•*•»*• * • *•«••• . *•*••# •* • • • 

The floating condition codes are loaded into the lower 4 bits of the 74SI73 buffer and may be loaded 
separately from the upper 12 bits. 

t 'V / • • • * * / . / • ^ ' * 

The units either buffer data from the Unibus during floating-point instructions or hold the floating¬ 
point status between instructions. The floating condition code of the RAM (FCCR) is different from 
that in the 74SI73. 


Enable signals FP7 IN L ENB L.FP7 IN H ENB L. and FP7 OUT ENBL, generated by EI7. control 
74SI73operation.ContrblliheFP) AMUX IN L. alto generated by EI7. causes the AMUX to be 
readonto the T-buS. FP9 T BUS OUT H.a control output from ROM E53, is inverted, and as FP7 T 
BUS OUT L. causes the T-bus to be transferred to the AMUX. The latter signal, generated at E93-I0. 
as TRI-STATE AMUXIs also turns off the KDII-EA AMUX drivers. 
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from driving an AMUX bus line simultaneously. A simplified schematic of the AMUX lines is shown 
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6*4 1R REGISTER AND DECODE. BRANCH LOGIC |C S-M82674M (FP7j) 

Logic in this group includes the following functional units. 

• Miscellaneous Held ROM (EI7) 

• Instruction register (E65. E67) 

• Condition code ROM (E2I) 

• T-bus branch ROM (EI9) 

• QP2 ROM (E64) 

• OP1 ROM (E66) 

• Condition and status gates (E32, E23, El L E20) 

Control functions on this logic diagram may be grouped broadly into three categories. 

• Instruction register (FIR) decode 

• Branch control (BUT) 

• Miscellaneous control 


6.4.1 IVRlIPcco^ 

The inst 

from the KDI l-iS^fCiwP^l^lfilMliputs fro 


The data path is primed to load the 12-bit FIR via the transfer AMUX DATA — T-bus Floating-point 
in$tructidn^^ipt^il||f» DI2-17) art decoded at EI0(FP8).ANDed with LOAD IR.ind loaded 
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The BUT control bits FP9 BUT 0-5 originate in the BUT field latches (E31) on CS-M8267-0-! (FP9). 
BUT field bits are routed to all four prima y ecode ROMs: condition code. T-bus/branch. the in¬ 
struction register ROM. OPL and OP2. The instruction register outputs are sent to the OPI and OP2 
ROMs only to generate MFC 0-MPC 3. 


BUT bits arc input to the condition code and T-bus ROMs for decoding; the selected outputs are then 
sent to the Condition/Status gates for N'ANDing with various floating-point condition and status bits 
to assert MPC lines. 


TM:dtlicr^if|^p$!(E 13)onFWstw andFDtdrtilkehardwaredecisionsinstead 

ofghrmiewi^-./:. * \.v ■■ p' 

The miscellaneous ROM (EI7) controls input and output functions and also generates FP7 SERVICE 
BR PFAIL. The latter signal, when asserted, causes the processor to service bus request or power-fail 
interrupts during the BUT service state. Other signals generated by EI7 from the control word mis¬ 
cellaneous field are as follows. 
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FP7/IN H ENB L 


Loads74SI7J; 


F P? OUT ENB L 


Enables 74SI73s onto T-bus 


6.4.4 Shift C ontrol 

ROM (E»lcbf»trols the fraction and exponent destination field (controls shifting in AM-2901). ROM 

: ;’(Pi|^tii#iC‘-4Sf*2V Both ROMs decode the shift control field of the 
control st^ RON(^E55)^has theTfc) hit as an input to determine wheii a single- or double-precision 
decision must be made. Refer to Chapter 7 for signal output definition. 

6.4.5 dtiplexer, B-Port Multiplexer . 

The A-port multiplexer is a quad 2:1 multiplexer white the B-port multiplexer is a dual 4*1multiplexer. 
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Decoding on these hits is shown below. 
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6.4.6 foegmt ROMs and Byte C ontrol 

and E75) are shown on FP10. These 
elements are dccotted from t^s|||i§fleW38icause either constant R$ Ms are enabled or AM2901s are^ 
enabled (bytecontrol)but 

Any high-byte/low-byte coni- 
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single- wini|j|3^^ and short and longr integer. . 
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The constant ROM (^ip^|i;i|p|p|ii|ibhdt^»;^NANDed combination of IRO, IR Land IR 

general register % is used 

6.4.7 Sector CLK Control (E49.E60) 

cowhinatipn ofsector 
fibur/^internally foads the RAM or Q- 

register. ■ : - 




6.4.8 Control Store 


is running KDI l-EA base machine microcode (i.e., non-floating-point instructions) the floating-point 
control store ROMs track the MPC addresses. The signal FPX L . however, holds the con store 
latches clear so that the incorrect microcode is not loaded into the floating-point control store latches. 
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Figure 6-7 Simplified Control Store fnteiface 
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CHAPTER 7 

FLOATING-POINT PROCESSOR CONTROL 




ia mmmtmm ... 

; aiW^ : -K# Il4!fc is shown in Figure 7*1. The principal 
components -A arc: . 

• AM2901 BipolafJMicroproccssor 
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. - x 4 rom s) 
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AM290I BipoJar Mkroprocessor 

lia|it SMl l i i i t h«vc been pfMenttd in Chapter S. Its data path function* for all data processing 
operations are controlled by the microprogram in the FPII-A control store 


.V*' ~ 




Tele2 IwtrectiM Jtcgfartef ,wi : - 

the pp»i^l;l./^ via the tri-state 
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This2-bitrcgister designates whether the floating-point mode it double- or single-precision format 
(FD)orsingleor double-precision integer format (FL). Its outputs are routed to the IR decode 
R6Ms.ahdinifo^ with the instruction register outputs, generates command signals for the 
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operations. 















































7.1.6 C ontrol Store 

This unit consists of twelve 512 X 4-hit ROMs and contains the microprogram sequences that control 
the FP1 I-A processor. 


7.1.7 BranchaiMl Tri-State C ontrol 

Thisl^cif^i^^ branch CBUT) conditions that may arise during internal FPII-A 

j»i^ ; aiwifthgly, It also controls thl T*bus (tri-state bus) during 

input/output operations. 
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functions ire tabulated in Table 7*1." 


7-2 These signals are brought into the board through 
connector w it h four sect ions, file Signals and their 
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order end of the AiLU so that it maylbe examined first. 







Table 7-1 FPII-A Signal Interface 
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Figure 7-3 FPI DA Data Word 


FIjliiirer 7^3. Oata is laid out 

word To facilitate processing and to conform to FPI DA ALU requirements, it is necessary to shift the 

sequence normally involves loading the operands into a working register, rotating it. stripping off the 

several 

As shown in 10. 11. 12. 13. and 14 provide basic working 

storage for processing. Accordingly, registers are provided for fraction (F-rcgistcr). exponent { E-regis¬ 
ter) and sign processing. Data is transferred from the accumulators to XII. usually for subsequent 

^ ^ il 1 ^ vlisr matlly ^raliilo^ t alX 12 III: 


Essentially, operations performed on data In the RAM for setup prior to processing, such as rotating 
the 64-bit data word. must be reversed after results have been obtained for proper formatting to permit 
gatmg onto (he T-bus and subsequent routing to the KDII-EA. This function: like the original data 
Wft^ubh. »#rfbmby!ii FPII.A microcode. 
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7.4 m l-A CONTROL WORD 

A comptclc contrd! 4drd foir andFPl!>A consists of 96 bits, As indicated previously, a 

complete floating-point processor control word consists of the 48-bit control word normally used by 
the CPU, plus an additionar^ floating-point option. Since the FPI t*A micro- 

How diagrams arewritienfw well thcFIHI-A v thc comrolword hit configurations (or 

both elements arc shown for ready reference (Figures 7-6 and 7-7). 

The FPP controlstOre ROM consists oftwelveS^^^^^ containing the sequences ofmicro- 

instructions which control the floating-point prcn»ssdiLl!!K!ill^i|i^ control store consists of twelve 
I K X 4-bit ROMs. Both control stores utilize aThe control stores for floating¬ 
point and the base machine opiate in parallel and yield an effective 96-bit * ord to control the K DI1- 
EA/FP1 K-A operation. The floating-point processor depends upon the base machine for it^ data (iii- 
siructions and operands). During a floating-point operation. control may • bl shiftied back and forth 
from the base machine control store to the floating-point control store as required. 
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Floating-point and normal KDll-EA instructions arc sent to both the KDll-KA and FPU-AR in¬ 
struction register (IR) decoders. If a floating-point instruction is indicated, the FPI I-A will pull the 
MPC lines so that the microprogram begins at 1400 (the starting ci>de block for FPI I-A microcode) 
The KDII-FA normally decodes floating-point instructions as reserved instructions and goes to ser¬ 
vice (000) to trap. However, the FPII-A intercedes, setting the MPC lines to 1400. instead 

Control word bit assignments for the FPI I-A control word are contained in Tables 7-2 through 7- H. 

Fraction and exponent control field definitions arc indicated in Table 7-3 


f • 


;>:• 


Tables 7-4 and 7-5 give the outputs for the shift and destination control ROMs for the various destina- 
tion control (DCTL) fields of the control store word. The Held mnemonics in Table 7-4 arc followed b> 
the octal code for the mnemonic and a generalized data transfer operation. For example. SI ALUOQ 

operation B - SL0( ALU) F-* Y; Q - SLC63 (Q) is interpreted as the B-port of the ROMandgetsthe 
value of the ALU shifted left one position with a 0 inserted into the LSB The ALU output is selected 
to Y. and the Q-regtster, loaded with the Q-register shifted left one position with*the earn-out bit. is 
inserted intoihei^lFoF^ 

Table 7.5 gives the Held mnemonic (SLALU0Q) followed by its octal value (15). followed bv the ROM 
output values. FDST value (6) is the value applted to 16-18 of the AM290Fs fraction data path: EX 
DST value (6) is applied to 16-18 of the cxponentdaU path.causingbothsetsof AM2WU to perform 

WMW .signals ROTATE R L, SHIFT R L, ROTATE LL. and F INSERT 0L cause those gates to 
gotothchighimpcdancc state (Figure 7-2). The lowonSHIFTLL causes* Otobeinsertedintothc 

the carry-out bit to he inserted into the 


■v ;\\i 




^j^^Myowtput definitions for ROMs E54 and E5$ arr givehfih!Table 7*5. 






Table 7-6 gives the mnemonics and octal va 1 ucs:?oTihir 
deflnitionojK^ are being tested).^ : to' ,.iicid 

mean that a branch on the ANDcd value is occurring, but that a simultaneous branch is occurring on 

Some of the branches are bits 

value depends upon 

enabled onto-the T^btis at lha^p|^||||^|j|^^^||^^^^|M|i^^sstble bii^diat are 
branched on by enabling onto the T-bus. For example, a brahch on T-bus 5 is actually occurring on a 
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Table 7-7 indicates the constant values and bytes (of AM290ls)that are cnabled by the various values 

of the constant; fields of the control store 

AM290ls, but not both. Field cod«of >4Oin(B||^jtf^S^|M|w0^WiC>|||iwi|ih|^^|fji®pS8|K. 
slants where two values are indicated (143.159) cofi^ji|w|®OTfep^MwU|ll|ttSB|i^^®ie: 

FD or the FL bit, depending upon 

constant indicated with the asterisk (56.24) # will a^|li|plSj8^ji|^iipfc^^wyi^Jp)w«@fh| 
constant FDFLBAR corresponds to the complemen^j||h®ii|)|^i||i^i||pi|^pfin^i|jiiif; 
thrce values arc indicated depend upon the value of FD and whether or not immediate mode (GR7) is 
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Tabic 7-II indicates the sectors that are clocked under control of the control store sector field The 
sector is a 4-bit field with each bit corresponding to a r*cctm dock, A I in the bit position enables a 
clock for that sector and 0 indicates no clock 


A zero 
clocked 
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Code 


Sector 


Sector! >» '0 clocked 
SCvtoit>» 1 docked 
Sector! s» 10 clocked 
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Corresponds to register 16 in the RAM 


Corresponds to register 17 in the RAM 


Table 710 B-Address ROM 


7.9 IR REGISTER AMD DECODE. BRANCH (BUT) LOGIC 

A simplified logic representation of the IR register and the IR decode ROMs is shown in Figure 7-8 
The four IR decode ROMs are: 


Description 


• Condition Code 
*■: T-Bus Branch ’ 


Used to specify as T. F. or X register on the B-port 
of the RAM 


The BUT field is 6 bits long as indicated in Figure 7-H ted;to the 
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The bit configurations for the various functiom are summarized in Table 7-12 The table is arranged to 
indicate BUT rield combinations and the conditions that are tested. The BUT field, which is 6 bits in 
length, isindicatcdat the top (5-0) corresponding to control store bits CS70-CS75, An X in the 

BUT set; the biti^l^p. with 
ROMs are used to perform bratich»iig::T*bu$-BUT 

branch conditions being tested. The A0-A5desig- 
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Table 7-15 Flow Diagram Statement Mm-iimim 


Statement Mnemonic 


General expression designating RAM register 
loeations 10* - 14* 


Designates exponent portion of data word, and 
RAM locations 10- - 14* 


Specifies RAM loeations 0-5 from the MR registe 


These designations refer to working storage. U\. \ 10 - XI 


Constant 


Indicates data brought 


onto T-Bus of AM2**01 


FDST 

FSRC 


Bring data onto T-Bus 


Specified by instruction 


Specifies a particular sector to he loaded 
(not a location!. 


Right; insert 0 into MSB 




insert 0 into ISB 


ROTL 


(Bus address register I 


Tri-state buffer in FPI l-A 


KOI I I.A register 
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Floating-point condition code hits showed in buffer. 
Floating-point condition code hits sliowed m RAM. 


I DI I 
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right 
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CHAPTER 8 
ARITHMETIC ALGORITHMS 


8.1 INTRODUCTION 

This chapter describes the arithmetic algorithms associated with the FPII-A. Addition and sub¬ 
traction are described first. Several basic concepts are described before multiplication and division to 
familiarize the reader with the concepts utilized in the FPII-A, State diagrams and examples of the 
multipli cation and division algorithms are provided. 


8.2 FLOATING-POINT ADDITION AND SI ETRACTION 

of the AM2Q0Is. The operands 

arc designated source and destination. The following chart lists the register associated with the expo¬ 
nent, Bactionlaiciign ol|^^ 






Destination 

Result 


EiponcBt 

EFRSC(XI4) 

w&k m :j " 


Fraction 


$*88 




<XI2> 




SD(AC:Bit 7) 


For example, the exponent of the result of an addition or subtraction is found in the EAC. the fn 

" a ' • " V*. - " "• !* ' . •* • • *• * * ' * • a a* " * * ''•''I • ••• • . 

The source operand is located in an AC ir mode 0 is specified; it is located in memory if mode 0 
specified. In the latter case, the operand in memory is transferred to the FPII-A and tempo 
stored in XIO and XI2 (shift left one place) 


traction, refer to Tablii^Tke<p§wing text attempts to educate 

Normally. SS (sign of source)!': : wj|j§fcnts the sign associated with the source operand (ACS) and SD 
(sign of destination) represenu the sign of the destination operand (ACD). The sign of the result is 

storedii®Slfe^ : 'y S'S : ' 
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SS 


Tabic 8-1 Add ami Subtract Implementatioas 


r»m o*w* i 


811 | Instruction 


Add Inst rue l ton 


J Hardware 
j Performs 


Sijrti of-Result 


w 

I P^slf ii^ 

I iPircrttlb^ 


Nrjttlw 
Parent hews 


AC I) *1 ACDl+IACSi) 
ACID - -UACDHACSI) 
ACD — ♦CiAC’Dl-lAC’Si) 
ACT) - ^iACbMAC SSI 


Add 

Subtract 

Subtract 

Add 


SI) - SI) 
SI) - SI) 
SI) • SI) 
SI) - SI) 


SI) - SS 
SI) - SS 


Subtract Instruct ion 

Am *- tCIAtxOl-IACSi) 
ACD- ^liPblfii^S!) 
ACD — 

ACT)--C!ATDHifeS!) 


Subtract 

Add 

Add 

Subt ract 


SI) * SI) 
SI) - SI) 
%7~ SD 
SI) - SI) 


The micro|>ro|ram «s implemcntcd such lhat lhe 
the sourer. 


SI) * -SS 


SI) - -SS 


When addition with quantities tiavl 


Example I 


H 

M ; 

m m* uM > n ami 

Ms 


-8 

zL 

15 


When subtraction is specified with quantities having unlike signs, the hardware actually performs an 
Example 2 


+8 

±n 

415 


-8 

(47) 

-15 


8-2 


Whet) addition is specified with quantities having unlike signs, the quantities arc subtracted and the 
sign of the result is the sign of the quantity with the larger magnitude 

Example 3 


48 

-7 

4-1 


-8 

4? 

-I 


4*7 

-8 

'•Atf r kmm 


41 


Wftehsubtraction is specificd with quantities having like signs. the quantities are subtracted. This is 
accomplished by ehanging tHe sigh pf tHe subtrahend and adding. The sign of the result is then the sign 

of the quantity with the larger magnitude. 

Exempted 


48 

-8 

47 

-7 

-(47) 

-(-?) 

-(48) 

• v y tfrl 1 iHMt 

-(-8) 

41 

-1 

~l 

41 


The afebye concepts form the basis for determining the sign as shown in Table 81. Combinations I 
the operands have positive like signs (SS-0, SD-O); in combination^ the quantitiesfcaV*negative 

jji|iCsig«i|l|lt|ltl|^^ 

source openi^|ipositive (SS-0) and the destination operand is negative fSll» 1 >• while in coin- 
hinatiotp is negative and the destination operand i* pciitive. Consequently, tbe 

of unlike 

positive operands (SS-O. SD-O) and combination 8 specifies negative operands. Thus, the hardware 
performs a subtraction, with theresuh getting the sign of the destination if that is the larger quantity. 

(ACS and ACD) are added or subtracted with respect to njiagnitude only as indicated by the absolute 

vatueiign£<^ ex|^|i||iii|9^ 


Assume an add instruction is specified. 


ACD * 4 3. SD * 0 
ACS » -5. SS * I 

w * • ■ 

' (*/* • 


loaded with a I. 


Example 2 

Assume a subtract instruction is specified. 


Addition with l.ike Signs 


ACD * -5. SD * I 
ACS * -3. SS * I 


ACD - -(jACDj - iACSf) * -(5 - 3) * -2 


SD- 
SD - 


SD if the quantity in parenthesesis positive. 

- SS if the quantity in parentheses is negative. 


The quantity in parentheses is positive, so $D remains a I. 


8.2.2 Relative .Magnitude 

During fraction alignment(which occurs when the exponents are unequal), the relative magnitude of 
t he o perands is detc0cdbysubtracting theexpondits;thedifrerencei$ thenumber ofrightshifts t he 
smaller n u mbc** is 

very small it 

stored. Thus, it will have no significance in the operation. To avoid unnecessary shifting in these cases, 
t he rclat i vc magnitude M thenumbersistc^ld.lfthenumber of shifts requiredto align thefractionsis 
greater than 25 (sin0le-prccision);)^t#1^^^iill^prcclsii|H8i^y^^;|^^|^^^j^^9i ; 6giaKiiiBe^witl not attempt to 
align the operands. In these case*, the unshifted operand is the answer. 


and hit 58 must be a I. lid result of any arithmetic operation must be normalized. In addition, the 

faction : 0f 

subtracdon. the fraction may be negative or 0, neither of which can be normalized. After a subtraction 

can be 

cannotbehorma!iz<d.If^ 
the XI2 and if the result is 

cannot be normalized. If there is no sign msnlipr. 

which can be normalized. 


te result is rounded or truncated.depend 
The floating condition co^es arc also sc 


For floating-point addition and subtractioii, the exponents must be cqual. In general, there are two 

methods of accomplishing this. One 

exponent accordingly Each left shift reprcsents multiplication by a power of 2, and consequently the 
exponent must be decreased by I. The disadvantagi|i)|^||B^||^||at tlp:pBil^|nificant bits of 

live ^ v ' 


A second method 
exponent and inert 
2, and consequent! 


. • . . ; .. • • V * *: .•• • 

V - . •>/ W :-:. .Vpp&>V i - ‘" ' 1 -' 

nd the one used by the FPI I- 




.K. . • * •*...• \ 


}j_ • ^ 9 r -:**.••: A *•': *v ;y •• v.*/:*• *• - • •• - 


v • «• •: f ; ^V -.•*>& ; ■<:?. 


m 




+ 3 

<* 

4 


»4 

4 .< 4 kv.». '• ' wrfM 

-it 

i bo ■ riame 

4*6 

— . — 

-7 

-10 

•Ith Unlike Signs 


+ S 

-3 


-i-4j 

-t4-4> 

-<-2l 

+ 7 

-7 

4-8 


• . • V» 

■‘■wSiX 

. . •.••.••.•••:;•.:• 
• ■■■"..:•!. : -/. 

. : •. 

• . I.v-V'.' 

* . :r 

• • *»••• 

* ! : v/.V:.'. 

• • ••••••• 


• • -. v, \:.v ;.v 
* \:: : v*v 


; 

y& i 


i#: 

y{; 


V s -•/' 




In all examples. the two quantities are actually. ad4^4-.. : 

tra|li0«£ o.ntsml^sri a w i t Is :;;u ill ike^ iptH - 

numbers with like signs. Several examples demonstrate this point. 


with Unlike Kps 


+3 

~4 


+b 

-7 


•3 

+ 5 


~l 


-I 


•f 2 


with Ukf Signs 


•3 

Ml 


+6 

H+2) 


-(-51 


+ I 


+4 


•'.' -y.frpf® 
■ • ? v. V.vi/itfy. 

•’ 'v.’^ 

^ . • •• • 1 Ot V/ * I* %*• 

■ .. a, 

■ 

.' . •vV wvV^ 

iittlhitsi 

Ptwo pi 

vi- 

: '• />v.' 

.. *,v 

' .Y-S7. 

# A f 

. :■ V^fe5- 

■; v , vj:AW.W 

’ . 'V* .A ''/.S', i 1 

* %* • • ,,» * •% 'l\ 

■ ;"f si •!V;-v 

‘ : -V 

• 1 ■ :',V; 

.•v 

• ••• :, ry,-??^A*Vif 

‘ 4 


Initese.cases, a.subtraction.opmtion is actually taking pla^|; { fi^;|^|piti^ 

floating-point subtraction is similar to that of floating-point addinon.exceptthat the following point 


llw AM280I ALC b p er fo rm ^ A mhm B for mbtractio o; therefore, the 
retbN amst he ex^illli^^^Spble cases of 0 or negative results that 
SSc§Biiilp«l^^ : 


A is to right-shift the fraction with the smaller 8^4.1 


. • . •• * . • .. . 

• '.*.•• ‘ . • . * . • •: ». . • . . . . / • • \ . •?'.!,//*!/’' 
• M . ........ .. • v /••• j / • ••• ••• '•/ • * r • \ • . \ *.••% .• . • • •••*/* • . • .. 

- The difference between the two exponents is initially 


storcd in XI3 ahd r e pr e sen ts the dcstination cxponcnt mmus tlte source exponent. The dcstination 









*•: ^-? c .-->-.:.%/> -**>*• - 


'%.:i' * 

.*> ;.%'• ' * 
.. *. • H 
'”*• *. 
\* «” . 


8.2.4J Normalize - A non-zero floating-point number is normalized by shifting the fraction to the 
left until.. nonsignificant leading zeros are eliminated; each shift 1$ accompanied by a subtraction from 
the exponent. The number is normalized what the first 2 bits are different (*.c., 0.1 or I 0) or when only 
the first 2 bits of the fraction are Is (i.c., the number is 6000). 


12.4.4 Truncate or Rounding - If the FPI I-A is in truncate mpde and the shift-w i thin-range flag is 
asserted, the result is shifted the required number of shifts, routed through ALU. and stored in XI2 I f 
the f* PI I •A - is in fdurtdnt<>jdi,Jtli*^ 

The result is new a normalized, rounded fraction. HoweVer. if the fraction contained ail Is, adding the 
round bit to itcondition is detected b> the normaliza¬ 
tion shift logic which now left-shifts the result by I, causing bi! 59 to go to 0 and hit 58 to go to I as the 
fraction is stored-■iii-the destination accumulator. ' ' 


H.2.4.5 Adjuiting Exponent During NormaliMtioo-When the result of the addition is being normal 
•zed, it is necessary of 

the result may' -.ilte- 

exponent off t Ha; n^tnumfi^ ri^lit 
shifts (or conversely, subtracting the number of left shifts) directly. 


Example 


Exponent in ER 

Sign extended input from BMX 


100001 OHIO 

mi m in 


Exponent in ER 

2‘s Complement of sign-extended input 


1000010100 

-►0000000001 


I0000I0I0I 


This number is I Greater 

• • • ••• •• . *# »•••.•••••* ' . • • . r^K *. *• (• • • • 

than previous exponent 
in ER. 


Rfif Eloatteg-PointSrttractlM 

In;tloating-point subtraction, the source operand is subtracted from the destination operand. The 


* • %'»».» '( M* I ' * ^ ' • * » » * »* **»»» > ( * || • 0 • • • • » • . • • • • • . • * • ( » * * %•«*•* * .* * * • # % * • ' • •• » •• . ■* t • • . t 

minus ; the source exponent, which represents 


0.2.5.1 . Neg*tbe ExponectDiffereoce-If the exponent difference is negative, it means that the source 
operand in XI2 is greater than the destination operand iil XI I Since Xll is the smaller number, it is 
right-shifted to ali^n tha fractions. 

Will he a 2's complement negative number. This number is3^||m|^®pd tb make it a positive 
number and the sign is adjusted to be the sign ofthe source operand. A simple example to demonstrate 


v’: : 


*.• * 


A* ?: • •.. *. •** 






-\VV 7 -. v 
'V. 


-v. - *. 

.vv*. ... 




8-6 


1 *. * .'.'..'.V 






kVV--’ ov'j .f- 


Example 


• , ! • N * : 


Subtract 


25,o. 

51 


1 toot 

Hill 




lake 2\ complement and add 


Vs ! . r' : s 


***** **<>•*** 




■v-v;;- 


2's complement of HIM 


IIOOI 
400001 






•V- 7 # : W 


11010 


« 26«i which is not the correct result and which repre 
sents a Ts • complement ntgat»velniinitter■ - ;-v vl:! 


mm 








f-Wr'C? 

■>:hW 


The answer must be 2*s complemented to acquire the proper result 


AliiS* 


•' • ' '...V 




... •/'-Mr 




11010 
0010! 
+ 1 


/• wVtf- 




I*s complement 
Add I 


r/Vi’.'. 

• . s I 




f’:'A # 


001 to 




Z . ' i :**s • J 


I . V., .1".^ 




. v:, * , *•: • 
'i • 




<r. ry.<’'n 


-oPNH|jfei|ii|iiii>|fc^^ - During addition of unlikfcjiiniilii^ 

signs, the ALU performs a subtract. To determine if the exponent I - A\ (dilc.;^ 

ence of 0. In this cate, neither X12 nor XII were shifted and the subtraction ofthe fractioni could 

fraction is a 2 s complement negative number and must be converted to a positive sign and magnitude 

;9»llmtNnr^'" '"' ‘'• . : '- i;; 'v'.:v:-'v'• -• : ; ; rv-v ; ;vv^'v; 




r ■> >■/ ^ •> | 


borrow rippling all the way through the resuIt The FPII-A will then store Os in the destination 
accumulator. If decrementing the result causes bit 59 to remain a 0. the^^result ; d^mr^|0^|jK 

. 


8.2.5 J Positive Exponent Difference - If the exponent difference is positive (XII - XI2). it indicates 

smaller than the destination operand, it means that X12 is right-shifted to align the fractions. Thc 
fractions are then subtracted. This subtraction mu5il|ittiE«iiiiiliitiiiiimMi®Al^ 

^ ^ • t . ^ • — . % J# • . * *. ” . fk S • ' *• * m * — • ^ % i**!.* •••*•• “• .j ( ^ ^ '• ** ... • • • • . * *. • \ .... * ^ . !.*.«* •'/ * »* ••! i •*, «, • j .... * ^ * . %.• V.. ./... «*. ..J *. . • •• ^ 1 . .* *. ,*'/ •*, •' /' ^ **•*! * •! *,*< ^ . *.'.*,•• **. • •\.,-\*» ***••*.* *. • •» «'i 1 . .. t • ^ ' *\ '% ^ •#(. ( . i' *i ^ . i. i .% h j . «• S« • *.*^* | .. j*' ^ 1 • •• ^ •»•/•• */*^*\^.* 


si MrimM 


•: <.::■■-■:■ y[ Iv^ X* 
.i : :aV. : -v 4 .sU 


SJ.IBi^ Cp n c t pta 

T he E P11 - A uses a st raig h t fo rward multiplication scheme.. I n effect. the met hod cm ploy % a series of 



The exponent is computed by subtracting XU (f.TSRCVfrom XI4 ( KAC), The constant 2.00 is then 
added to XU to complete the exponent calculation: hidden and guard hits are inserted, the sign is 
routed to XIO, and the divide loop is then entered 


In the non-restoring method, the divisor is either added to or subtracted from the partial remainder, 
depending on the >ign of the divisor and that of the partial remainder. If the two signs agree, a 
subtraction is performed and the quotient bit is a I If the signs do not agree, an addition is performed 
and the quotient bit is 0. In both cases, a new 'partial remainder 
process continues until the remainder is 0 or the desired number 


Txample 


X - dividend 
V ~ divisor 


0.1000 i&:■ I i 
01010 110 161 


The multiplier is examined on a bit-by-bit basis. If the bit is a 0, the multiplicand is shifted left one 
place. If the bit is a I. the multiplicand is added to tlH? partial product and shifted left one place. 


0.1000 * X 
0.1010 “ V 


1.0000 * If 

1,0110 * -V 


Shift and Add Multiplicand 
Shift Multiplicand Left 
Shift and Add Multiplicand 


0,0110* r 
0.1106* : 
1.0110 58 - 


0.0010* r 
0.0100* :r 
1.0110 ~ -V 




thjeliipiifi^^ X12^ which is 


bit is a I 


quotient digits (1 
correction 




0.1101 




i.miiiio 


Mi FLOATING-POINT DIVISION 


0.8000 


WfflB *a»k Concepts iilSil ®iaiSi 

Floatrng-poim division in the FPII-A is 
method; The non-restoring method is a repc 

the dividend ^smmsiK:sssm:m. 


a normalizing non-restoring division 


not require the correction of -l : 

dicatcdquotient Q.ln this example, the 12 16 answer requires more quotient digits to converge on the 


ih| quotien 


■/vivy.-v-tpi'V.! 

e 

n 






:V 





CHAPTER 9 
MAINTENANCE 


9.1 ... ;/. 

This look and techniques available for maintenance of the 

lif l diagn ost ic«. prog ram me r ‘ s console, display ; f&* 
lures. " 

fti ■ _ ;. : .. ., v ., 

Three diagnoflksareavailabletovalidate and diagnose the FP1I-A. However, si nee the K D11 EA 
data path is used extensively on floating-point instructions. CPU tests should be run prior to running 

not rule out the possibility that a KDI l-i£A failure may cause only floating-point instructions to fail. 
The three FP11-A diagnostics are listed below with a short description of each. The diagnostics should 
be run in the same order «they are listed because succeeding diagnostics have been run successfully. 

instructions 

Mm& , : 

•■...HfFPi£\: 

SETF. SETD. SET!, and SETL 

. !|^FD (mode 0 and a • 

■' - A00F, ADDD^ and SUBD (most conditions) 




* *- : u- 

h^gsoin t insf ruct ion $. 


ADDF. ADDD. and SUBD (all conditions not listed in DFFPAA) 

«vD®d MRS;; 

MODDandMODF 


This diagnostic also makes use of t. special testing module (MK267-T A), which allows the diagnostic to 

interrupt request occurs dunng the initialportion of one of these instructions. The extra hardware 

for more complete testing. The diagnostic automatically checks for the test module, and only if pre- 

message at the beginning of the p«|p|iSij||i^ti^ 
the diagnostic. If the module is not present. nomessageis 


9-1 




9.2J MA1ISDEC DFFPCA 

This diagnostic tests the following floating-point instructions 


STF and STD (all modes) 

STCP’D and STCDF 
CLRDand CLitF 
NEGF and NEGD 
A BSP and A BSD 
TSTF and TSTD 

NEGF, ABSF, and TSTF (all source modes) 

LDCIF. LDCLF* LDCID. and LDCLD 
LDEXP 

STEPS (all destination modes) 

STCFL, STCFI, STCDL, and STCDI 

STEXP 

ST ST 


DISPLAY iMfORMATiON 


9.5 EXTENDER IBOARDfr 

cables arc included with the FPII-A module on a 
Shows ttilcorrect methods of using the W9042 extender 

hoard and the included cables. 


Normal con 
and:: 

option. These 

and general registers, single-instruction stepping, the console maintenance features of single micro- 
in$truc^iovi :: stii|||^iiig, 

• * . • * • • *• •", • .. *i . . .1 • / • , *#• • .*•••• ••••*. ,' . 'i i * *••*** «•■■•" • • t • 

The;KYIl*LRiiiijilak»i®^^ »*«"*«" 

,he KYI l-LB and FPI l-A modute.arern.de. Thu..« 

... • , , ' 5 • " , •• V * . ,v; / .!*V, .... i 

e n a b 

will be driving the Unibus dau lines. Sinoe tlw coiwok 
point micro-code, theT-bus line*ofthcFPII-A are <k 

if the AMUX lines are not specifically Being used in a 
he enabled onto the AMUX. allowing theT-bustobe< 
explicitly used. 2 bytes of the 64*bit dais path are enibl 
on the A Milt lines £t aiiy micro-step may be determ 
the KYIl-LB Programmers Console Maintenance Mm 
ation of the RVl l-LB for maintenance. Rfe^to the I 

9A FPI t-A FLOW DIAGRAMS #®J® 

Each micro-step in the FPI l-A flow diagrams denotes 
when the manual clock is enabled. This information is s 


processor enables the AMUX lines onto the 
maintenance cables are attached, the console 
essed.) The AMUX to Unibus drivers are not 
which time some other device (memory. I/O) 
an display the Unibus data lines (EXAM key 
lisplayed most of the time. This new feature is 
ics are the data path link between the KDII- 
mey be displayed and while running floating- 
uhedontotheAMUXlii^ 

played. Also, whenever the T-bus is not being 
ed from the FPI l-A flow diagrams. Refer to 
Ml - A print set for information regarding the 


ttiliiSiiBfiiiiiffifcl® 


The information may*l^a 

0(87:80), which indicates that bytes 7 and Oof the 


sg 



















CHAPTER 10 
INSTALLATION AND CHECKOUT 


10.1 WORE 

This chapter provide* the information necestary for unpacking, inspection, installation, and checkout 
of the FPI1-A and FPII-AU Floating-Point Processors. 


IQJ FPI 1-A FLOATING-POINT PROCESSOR INSTALLATION 

^^lilll^li^i^pi^g^ijjjBsor option for the PDP-11 34A CPU 
parts 


1. M8267 - Floating-point module 

2. H882I - 20-pin o^er-the-top connector 

3. 54-12416 - 10-pin over-the-top connector 

4. W9042 - Bus extender module 

Prior to th e installation of the FPI 1-A option, the 4-5 Vdc current available to the PDP-II/34A CPU 
backplane must be calculated. The following procedure is designed to help you calculate +5 Vdc 
current drain and system configuration. 


10.2.1 FPI 1-A 










Verify system integrity by running the following diagnostics in the order given 


PBP-t 1/34 CPU Test ■ 

0-124K memory eserciserfe 
2. Is CPU a PDP-I1/34A? (See serial name tag.) 


Mi 


1 * f. " 1 'l!d S •, • » A , 

DFKAA 

r v«* r l*W. • > *-V *V VI 

DFKAB 

FDKAC 

DZQMC 


An FPI 1-A cannoUbi installed on a PDP-11 '34. To upgrade a PDP 
Uae ah FPlI-A. an FPI l-AU kit must be used. Refer to Paragraph I 


Is CPU 

■ 


l#Si . 

Box. 


PC backplane. Caleulaic + 5 Vdc current tfirsin for 


toil 




h the total current drain (all 
current.) 


backplanes) greater than 5? A? i Does not include Mi267 


8 . 


No 


Yes 

ta expander box available with room and current? 


Ves 


No 

$ * . 

Refer to step 17. 


1 Refer to step 6. 

• * 

Is the battery backup (BBU) option present? 


No 


Ves 

All itithitt^tiuti 00 $ofilfiiikpanes ih 

9. 


Do backplane jumpers check as follows? 

t • • - * >*t . % • . •* • 9 • {t f * / •». ■ . -••• i . . • 

GPU:. backpliail^ & 

'-life; 

.. mm- m 

-ISVBIo -15 v jumper fit W 

All other'backptajilll^^ 


#* •» • . • *. . j ••• * i •*» *. 

See Figure 10-2 


f D 




fo jt See Figure 10-2 


Is slot 3 open in CPU backplane'’ 


Yes 


ii... 

Is cache (M8268) in slot 3? 


•■If '; ; 

Cache is 

added, cache is moved to slot 5. Slots 4A and B arc reserved lor 

I:% ||4;.g>:i;' 


No 


Illii2:; 2 2 . J; g.;2; /:; z% :';. 

Add0.5Aat+5Vdcfbreacili^^ittMiMM^ttMi* 

(CPU box only) to the |||plj^^^Mii^P^||hackrlailoaRilite^in 

Refer to step I I. 


tO-2 


c 


II . Is the CPU backplane current drain less than 25 A at 45 Vdc? 


Ves 


No 

if to some other backplane 

inSfill^ slotUandto reduce the current dratn at 45 Vdc to 

second 45 Vdc regu¬ 
lator in the box. 

Is reconfiguring within the hox possible? 


V«* 


No 

Can the devices be moved to an expander box without overloading 
the expander box? 

Bio Ves 


% f§* 

I Reconfigure the system until the current in the CPU 

1 backplane is less than 25 A at 45 Vdc. 

j I Refer to step 17. 

.. :bjAti S^beuc^p^ ii^eitivlarie cu r r«n t d ra i n a 145 Vdcis 

.wtllHlWiAv 

* •'l^g*'^** , **'* , N**^»* «• | • | ' 

}\ ' Refer to step 12. 

M ;' 3i:orbackplane. 

m. Is KYI I-LB (M7859) present? 

(M8266) and install them in the FP module (M8267) as shown in Figure 10-1 

. .i\ • |S /u •* V , *,, • f ** »• • »•*"* ai. ** . • • % • • * * * 

Refer to step 14. 

rff • • • •* * * • 

14. conneaors as shown in Fi ^ urc ,a "*' Use H8822 if the 

ca<j^^nd8iP^P bo^pres^ife- 


15. .* n i o rder gi ven. 


PDP-ll/34 

ymmM- 


DFKAA 

* *i* ' •** •• • f •. i»»» i* •* i Vi/ • 

. • • ii. i. •• ■ • ^ r i * .* . « i • • ’»*» 

PDF-11/34 


Afha»stiiev..fe 

• •• • •••*••*• * .*• * a»P • 

DFKAB 

PDP-11/34 



DFKAC 

>*. v.*! ,V # i .*• ■*• *•*. 

PDP-M/34 

FPP Diagnostic 

Part 1 

• • * * •*.?* *. • • {' • . . /• 

DFFPA 

PDP-11/34 

FPP Diagnostic 

Phrt 2 

• • . ••'* * /t " . # v. *• . 

DFFPB 

! \ \ * •• i ^ ••. s ^ *. •• * 

PDP-ll/34 


Part 3 

DFFPC 


ifc *1*4 


. ; >N& 
. . •• • *. 


m: to accommodate the FPI l-A (M8267) wi 

■ pi®i^^^^^^®^iiialternative is to move some devices to an expandci 


a. 


& 


.; * - .. * / ••••••. • %. ' . m*..:*; . •.. . • ... j . . :••# *..... . . • . . • ••./• . . . . .. .. • • . • • 

• • •• •*.••• *. •.* • * *• * .* • .. •; * % *• . \ ; . • • •*»••»/* • v • g • # • , / •. .* *„v .**. .*••"*•• /****••• "• • • * * * • *** •"*.*•. *•.*• •••• * • •. . *«»*** 

Remove some number of device from the box to compensate for the 7 A at 45 Vdc 

^ and leave these devices out of the system. 

* . ’ 2 m »\ • ”*".*' ‘ • ".* \ *.*.* •. V".*.* •. * * * * • **“ Z " ’ t *.. *. • # # *' 4 '. .A; ^ * / ••.' •*• .* * • .'. ' * • # " . * • .. •* ! »* *"•*.* •*. •• • • 

• • • ** • • • • * * % * * .*•*•. .*• . — * • • •• *J • 7 *.^ . * "!*«•• • 2 % - • * • . . •* •*••#. Ai • • * • ./ •* • .*•.•• . • .** •*."*•"•• *. I " * " # .«• . • • %■ * . ‘^ • . i • ••.' * • 

I^fertolbpift. 



** . .. 

/ • •• - 






10.2.2 BAIt-L Box 


18, Calculate the current drain at +5 Vdc for the backplane (DO'I UPK) (Figure 10*1). 


19 Is slot 3 open in the backplane? 


Yes 


No 


Is the cache (M8268) in slot 3? 


No 


Yes 


Remove the over-the-top (OTT) connectors and movethecache 
nj||||p^§^^^^^pi^^^|Pi|^riecessary to complete 

iiltaliatiolll^jiMMi)- 


Refer to step 20. 


; V. 


Refer tof(gi|20. 


20. supply an H777-AA, AB. 


Yes 


No 






Is* 


Vi.'.. 


Yes 


No 
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The devke. must be moved from the 

dipn at +5 Vdc to 23 A or test. This must be done witliitt efeh 

•”*?%?^Ip 1 -• l®Pj^iv"Avt*• *^;* a I*V* tV?s*/**T2V*??.• •.•. .•• •• ;i*.‘ r , v • • • . , : • 




s?.m 


J,UV 


Is the eapander box available with enough room and pooer? 


: A'l-y/.S',*;.; 




Yes 




•/. /-• M 


Refer to step 17 


Refer to step 12. 


m, 


N*. s . 


current drain at +5 Vdc less 


Yes 


No 


% • i 


•1 .*• . 
i'*.-1 


- / / 




The devices mitst be moved from the CPU box to an expansion box in order to 
wrote slot3.if necessary, and to reduce the current drain at + 5 Vdc to 18 A or 


Is thetuejpamter box available with enough room and power? 


Yes 


IS! 


v-ll 1 


to step 17. 


Reconfigure the system until the CPU box current drain at +5 Vdc is less than 


Refer to step 12. 


2|> ; ||ltef|r : :to: step 12. 


X • ,• V. : " ’ •• •: ’■ \S'--: •' •>'.v •'•v 
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ill 


■:.< : <-■ 




ViVv:'-:yy; 

:V. 








SEE VIEW A 


PIN A01A1 


O OJ DC LC 

r^ACMi 

PS LTC 


mmm. 


• • •• • • • • • • »*•» *»* 


2. USE «20 INSULATED 
BUS WINE EON JUMPERS 


.‘.-.A.* 


Figure 10-2 Backplane Jumpers 
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io..i fpii-ai i pc;rai>i: Kir 

ThePiHll.;uft-.wils;pc>>ver supply components accessary to increase the +5 Vdc cur¬ 
rent teyeN ayiqlaWfctfo$7 env (I0£ ihLm^ The purposc of the upgrade kit is to 

can ujic the f^ Since the 

RRi^/|j;additionsI Hardware is required to upgrade the PDP- 
I1/34 models to include the floating-point option The following parts are required. 


1 

2 
3. 
4 
5. 
ft. 
7. 
H. 


MH265 - Data path module 

MK267 - FP module 

V1M26ft - Centro* module 

H744I - Regulator module 

HKK2I - 20-pin over-the-top connector 

54-12416 - 10-pm over-the-top connector 

W9042 * But extender module 

54-I0K34YA - Power distribution board 




The tools required are: 






i i 


IOJ.I FPIl-Al Power Components Installation 






/ #• 


. 

1 1 '; 



• . * % 


; v :v.'.•••Oi.; 

< •> • >>> ' j . & r .CiSf ■• 


Itbinet assembly to the limits of the chassis slides 


• • • r • *. s . 

■'•'lw‘?‘.'VV v 


2 Release and remove mounting bos top cover to gain access to H765 power supplv assembly 


3 


5 


6 


Loosen and remove cable clamp that secures the cables that arc routed across the top of the 




0 Loosen and remove power supply cover 


Wr 


Rotate tbemounting boxin such a manner that the bottom of the mounting box faces away 


•«• : .v. *> 


V- 


: •• 


• v* ■*••{* * .«* 


...*• 


#> *•. 


access to the p«Mir^--'-diMrlliiiation 

board locaw»S^Rlj^]|Mi|ijW^ 3 iliit the backplane. •■■•■■ 


• >.; . •.'..' *. - .v. « *.ti. .•.**::! •*.•*.• •*/ • ~ • *•. *. ". 4~. .v.*.,».. .* •• ••% •• w*i*.*s • 1 • «? ••• ».C ‘V.. •./ .%'.•••• ^ * ••••••*{ . .'*• ....* ••’ ! / 

Do not remove fee binge term tone oa each side) 
located ^|^(t»ciM|iillt- p©w^*|fiy. and tie 

module enclosure near the too side of the auaRtios 

■■..^ W • - : :S• • P • • T-- ; **'■'" 




7. Remove four fiat-hcad screws (no washers) located approximately 10 cnry^i^^npin^tbe 

junction of the power supply and ti|ime|lulien|lo- 
sure assembly. The power supply can now be swiveled away from the module enclosure. 





■»V Locate the H744 *5 Vdc regulator assembly. This regulator isthe second module from the 
right when Viewing the hottom of the mouming box from the Wire-wrap side of the hack- 
plane. 

C koeiite andreinayq tta twa mounti^ located just to t he left of the M744 

Matc-N-Lok connector. There will be a green safety wire secured hy one of these screws 


A 90 degree 
quired to rei 


t P Wig « l ie ed »crewdri*er b re- 

these screws ud lttscM hard- 


were. 


10; Tiaieate ahd ivmoyeback -of: the-|»aVVcr 

•Vv ; supply andito-ijjicl^^ 

I . • / * • *.*••** * ••••• * * . . / • * .*• ■ I *• »’. ••*_.»••» h , I • . . • * i * ***** • *• 

* * » . _ * * *1 • »•. f . • • **. . 1 • . t • • • • .*» *•••**♦*** * * . • i !**•*«• .**•*••* ••* * * •#.••*•••*. *.»• #«..• *** * * • • 

1 i Release and remove the H744 Matc-N-Lok connector. 

i 2 Remove the H744 regulator by sliding it out through life top^ assembly. 

(Note that the mounting box may have to be routed to accomplish removaU ■ 

13 Replace the H744 regulator with the H744I regulator (includedfid : 




14 Replace mount mg hardware removed in connect the HWIIJbiate*N 


15 


* 




ifaifi Locatcandrcmovc the black 

bh® : '■£ ¥:■ 




\ •• •• > 


>.yir*\ j r 


i ? Remove the +5 V and ground fastons from l^f> 

■ 1 ■ a ® »*•••« • 1 , • , • / • *•*«* ••• t a •• * » • • * •••• | t • .I I | % «••/• !••**«• /it * . . * i* * i* • • • i i * 1 • 'i *i \ •* '. • •••• •« **••«••».»•» . . • **. t *•» it *.« it ii • n t * ' k. .«.•**. * *. ****•» • - • * • •* • * « 

• •••,•! . • •• •;••• .*, • • • .* !, t " *. *• * t . - • .* *\ • •• \ .%<.••*•*....•;• •. • •'. •*** '\*;* . • • •• • • • ••• • • S; • !. ••• • •• • • • . ••••.*< •>.*#•: *.*.•*••• . \ • . 

iV!« '• ::•V.:: V:•• V -:& V. V'*.s: &■* ;<&%) # w:X X&.J&yA '-:> ! r: ^v;>i>/^ -v : ^f^^L***££* 

* . ! • • •' , • ' • ■•. • *, * 1 * ‘ m •’ *.** .*.*•. v •'.V** •,f • • * j* •.£*, f“V4 % /» **• **# y«l Y ** *! * •%*• • \ s 

IK Release and disconnect Mate-N-Lolt connector from J8 on the jpowef diit 


I 1 ) Lcnrate and remove four Hat-head screws securing the power distribution board to the mod* 

assembly. These screws 
|B;||boitdm|o^tli^ mounting box and 

^y??encldjitii , e^ : ^ 


21 




--.u- 

• * V *.v .* *. \ ,.•.** v ••••••«• 

A.: •*.* •• : s •. VS, - . 

. • • • *. *. . *. •• \ • . . . 

v" 


The removal of these four screws will allow the re¬ 
moval of the pawer distribution panel which hi tam 

will allow removal of all bsckptMf Mate-VLok 


20. Release and disconnect all backplane Mate|i|li|||^^BiS 


Release and disconnect two 


Remove the power distribution board. 


■£::S' '-S \2 ^ 




" ^ _ s : «* 


. V. A-i 




2.V Replace the power distribution Hoard with the new 
(included in upgrade kitf 


54IOH34 V A power distribution board 


24 R ev ersc proccdurc (steps 22-14 and 
and to return system to normal. 


?~U to install the new power distribution board 


10.3.2 TPfl-At logic Insiallatlofi 

Refer to^ Paragraph 10,2.1 and calculate *5 Vdc current dram and system configuration 





































































































Table M 



I S V ! *20 V 


jfff core 
memory 
(double $@l 


SKparily 
core memory 

(double SO) 


output current 


MROI (MWIH.I 
(Ayitye) 
(Standby) 


(Ac live) 
(Standby l 


hi i -vmmi i -up 


(Aetiye). 

tSuimtbv t 


^11 IILPiAIMII-Lin 

(-•Active) 

(Standby i 

. * . • • * * • • * • • . 


fl 





































1 i m 


W)M I HA 



imtM 


C urrent Nectfed t Amperesi 

jpfv J 7 -A* 


$£• ti m* CYirteitj! 
i Amperes 


Same 


Memory 

See individual 
memory iistmg* 


l)L! !*W I optional* 


KYI! I A 


smw 


Memory 

mcmoryliMmes 




memory 


wmcorc 

*.% s * . a \ »•» . •• ! mm* * 

memory 





















Table 4-1 


Ampere*) AC Line Current 

5 VI ♦ 20 V [ -5 V | +15 V ( Amperes) 


Description 


♦ 5 V ft PL) 


MSI IIP 


4k MOS 
Mil) memorv 


HK MOS 
MUD memorv 


MSI l-il* 


N>k MOS 
MUD mentors 


MIS 50 


Paritv control tor 

’••r •* •# • • _ * 

MUD Memories 


•••Current from *5 Vb rail it" Bjihry Backup Option is used I) dune j> tu* Battery Backup Option. Hum 


(I A is drawn Horn *> V 


Table A-2 


Current Nmlwl t Amperes)* 
♦5 V 1 -IS V i-SV 1+15 V 


r;.. 

Harness 


Current 
(Amperes) 


Mounting (ode 




wmn 


iiib&Stem 


mmt 


AR41 


mmmmm 


IAAM-D} 


D^eoiiverieir 


Bootstrap loader 




I OOO^pin. H0^o!| | 

Card reader controller 


mou 


c di m 


card reader eont u slier 


01011 


3p0^pn^Bp«c|ig; : ;^ 

card reader coni roller 
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Table 4-2 PDIMI Tamil? Options Power 


AC Line . 
Current 
i Amperes) 


Current Needed * Amperes t 


?>eseription 


UH) cpin, 80 col 

.an! reader controller 


I f* thus link 


I lHhus WMUiiiM 


Dual cluck and system ttalt 


Peripheral motmlme panel 


& Modern control 


4$V tie inter! ace 


Udine nuHletti control 


Auto vail me system unit 


00**5 it 


Half tut!.duplex sy nc interface 


Patapdte^ registefeeAtehiler 


Interna! DIO I dock 


j no j- oo? | ^. j 

{located in the same inr*) after the OBI l-Al 


























Table 4-2 


AC line 
Curfetif 
t Amperesi 


Current-ftraled t Amperes) 


fimcr 

Harness 


Option I Motmtiin; Code j Deset ip turn 

1)011‘li If I 5® j l-ulCiiaB duplex sym mteituci 


DR il A <DU DIM I OC Kl 


level comer ter dock reenverx 


DQIDK MK,ni D Ai 


< rvsfal clock 


(ieneral purpose DMA 


DR I t < 


(it*nerd! dm rpose digital interlace 


Digital 10 


DllID 


f utl hall duplex 




Sy Uv prog, interlace 


Sv lie 


m\ i 


( oinitn until unit 


mmmi 


mmv 


1 A 30 con t rol 


1200 t PM printer 


000 T.PM printer 


mmm 


240 LPM printer 


>00 1 PM printer 


toO IBM printer 


IJectrovtatic printer. 500 I l*M 


MR Ii DB 


Bootstrap 


*♦20 V,mn used in tins coiitieufation 























S able 4-2 


U Line 
Current 
< 4mpere*> 


H ante vs 


MoiiiMinji Ctwlf I I H*script urn 


Option 


♦5 V -15 V I -5 v mm 




PiliH’itajH'«reader» 


RKIM) 


Disk a nil control 


(HO! I 


Dual cassette mter taw 


<»rapliu proeessoi 


Pushbutton bo* 


*20 V not usedui thisonftfijguranon 





;• V*. 








































































































































